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PREFACE 

TO 

THE     FOUKTH     EDITION. 


IN  this  Fourth  Edition  of  a  Course  of  Practical  Chemistry, 
arranged  for  the  use  of  medical  students,  several  minor 
improvements,  suggested  by  further  experience  in  teaching, 
have  been  effected. 

The  analytical  portion  of  the  work,  in  so  far  as  regards 
the  description  of  the  methods  employed,  has  been  re- 
arranged. 

The  new  system  of  atomic  weights  and  formulae  has 
been  employed  throughout ;  but  it  has  not  been  thought 
necessary  to  introduce  any  general  changes  in  the  nomen- 
clature. 

W.  0. 

ST.  -BARTHOLOMEW'S  HOSPITAL: 
May,  1869. 
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THE     SECOND     EDITION, 


IN  PREPARING  a  Second  Edition  of  this  Course  of  Practical 
Chemistry  for  the  press,  the  first  having  been  for  upwards 
of  three  years  out  of  print,  many  additions  and  alterations 
have  been  made,  which  it  is  believed  will  much  increase 
its  usefulness  as  a  laboratory  guide. 

The  first  chapter,  treating  of  chemical  reactions  and 
manipulation,  is  quite  new;  the  second,  relating  to  general 
analysis,  has  been  rewritten ;  and  the  third  and  fourth 
chapters,  treating  respectively  of  toxicological  and  animal 
chemistry,  have  been  carefully  revised.  In  the  second 
chapter  more  particularly,  full  explanations  have  been 
given  of  the  tables  for  the  examination  of  the  several 
groups  of  bases  and  acids ;  so  that  the  paragraphs  relating 
to  the  individual  members  of  the  groups  need  scarcely  be 
considered  by  the  learner  save  for  purposes  of  reference. 

To  maintain  its  adaptability  to  the  wants  of  the  medical 
student,  the  old  scale  of  atomic  weights  has  been  ex- 
clusively employed  throughout  the  body  of  the  work. 


Vlll  PREFACE. 

lu  a  short  Appendix,  however,  some  tables  have  been  set 
up,  in  which  the  new  atomic  weights  are  used,  with  a  view 
to  illustrate  the  superior  simplicity  and  mutual  association 
of  the  modern  unitary  over  the  older  dualistic  formulae. 
This  Edition  of  the  work  is,  moreover,  illustrated  by 
Mr.  Branston  with  seventy  woodcuts  of  microscopical 
preparations  and  chemical  apparatus,  all  of  them  made 
expressly  from  drawings  of  the  actual  objects. 

W.  0. 

ST.  BARTHOLOMEW'S  HOSPITAL  : 
June,  1865. 
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PRACTICAL   CHEMISTRY. 

CHAPTER  I. 
INTKODUCTOKY. 


§  L— CHEMICAL    REACTIONS. 

( i .)  CHEMISTS  are  acquainted  with  about  sixty  different  kinds 
of  matter  which  have  hitherto  proved  undecomposible,  and  are 
consequently  termed  simple  bodies,  or  elements.  These  elements 
unite  with  one  another  in  certain  definite  proportions  to  form  an 
infinite  variety  of  compounds ;  each  particular  chemical  compound 
being  always  constituted  of  the  same  elements,  combined  together 
in  the  same  proportion.  Common  salt,  for  instance,  no  matter 
how  obtained,  or  when  examined,  is  always  found  to  consist  of 
sodium  and  chlorine,  united  in  the  ratio  of  23  parts  by  weight  of 
the  former  element  to  35*5  parts  by  weight  of  the  latter. 

The  relative  quantity  of  hydrogen  which  can  enter  into 
chemical  combination  being  less  than  that  of  any  other  element, 
its  combining  proportion  is  taken  as  the  standard  of  comparison 
or  unity.  It  is  found  that  I  part  by  weight  of  hydrogen  unites 
with  3  5' 5  parts  by  weight  of  chlorine  to  form  hydrochloric  acid  ; 
and  further  that  in  very  many  chemical  compounds  I  part  of 
hydrogen  may  be  displaced  by  35*5  parts  of  chlorine  to  produce 
chlorine- derivatives  of  the  respective  compounds.  Again,  when 
hydrochloric  acid  is  treated  with  metallic  sodium,  every  23  parts 
of  sodium  is  found  to  expel  I  part  of  hydrogen  and  form  common 
salt,  by  uniting  with  the  35*5  parts  of  chlorine  previously  com- 
bined with  the  i  part  of  hydrogen. 

The  proportion  of  an  element  which  unites  with   i   part  by  , 
weight  of  hydrogen,   or  which  displaces    i   part  by  weight  of 
hydrogen,  to  unite  with  35-5  parts  of  chlorine,  is  called  its  equi- 
valent.    Thus  80  is  the  equivalent  of  bromine,  23  the  equivalent 
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of  sodium,  and  39  the  equivalent  of  potassium,  because  80  parts 
of  bromine,  23  parts  of  sodium,  and  39  parts  of  potassium  are 
respectively  exchangeable  for,  or  equivalent  in  combination  to, 
i  part  of  hydrogen. 

(2.)  But  it  is  found  in  many  cases  that  some  multiple  of  the 
proportion  of  an  element  which  unites  with  or  displaces  i  part 
by  weight  of  hydrogen,  constitutes  the  smallest  proportion  of  that 
element  which  actually  enters  into  chemical  combination.  Thus 
although  25  parts  of  arsenic  unite  with  i  part  of  hydrogen  to 
form  arsenetted  hydrogen,  and  with  35*5  parts  of  chlorine  to  form 
chloride  of  arsenic,  yet  it  is  allowed  on  all  hands  that  the  mole- 
cule* of  arsenetted  hydrogen  contains  three  separable  equivalents 
of  hydrogen  united  with  75  parts  of  arsenic;  and  that  the  mole- 
cule of  chloride  of  arsenic  contains  three  separable  equivalents 
of  chlorine  united  with  75  parts  of  arsenic;  and,  in  fact,  that  75 
parts  of  arsenic  constitute  the  least  indivisible  proportion  of 
arsenic  which  ever  enters  into  a  combination.  The  least  indivi- 
sible proportion  of  an  element  which  is  found  to  enter  into 
chemical  combination  is  termed  its  atom,  and  the  number  ex- 
pressing that  proportion  is  called  its  atomic  weight.  Hence  the 
atomic  weight  of  an  element  sometimes  coincides  with  its  equiva- 
lent weight,  as  in  the  case  of  sodium,  and  is  sometimes  a  multiple 
of  its  equivalent  weight,  as  in  the  case  of  arsenic. 

*  The  determination  of  the  molecule  of  a  compound  body  is  based  upon 
very  many  considerations,  physical  as  well  as  chemical,  which  cannot  be 
fully  entered  into  here.  The  most  important  of  these  considerations  relate 
to  specific  heat,  atomic  volume,  direct  combination,  analogy,  mode  of  deriva- 
tion, and,  above  all,  to  metamorphoses  by  substitution.  Thus  the  mole- 
cules of  marsh  gas,  ammonia,  water,  and  hydrochloric  acid,  might  each  be 
represented  with  one  equivalent  of  hydrogen.  But  the  molecule  of  marsh 
gas  is  represented  with  four  equivalents  of  hydrogen,  because  in  it  |  or  f  or 
|  or  |  of  the  hydrogen  can  be  displaced  by  substitution  at  four  successive 
stages.  The  molecule  of  ammonia  is  represented  with  three  equivalents  of 
hydrogen,  because  in  it  |  or  |  or  f  of  the  hydrogen  may  be  displaced  at 
three  successive  stages.  The  molecule  of  water  is  represented  with  two 
equivalents  of  hydrogen,  because  in  it  f  or  f  of  the  hydrogen  can  be  dis- 
placed at  two  successive  stages ;  while  the  molecule  of  hydrochloric  acid  is 
represented  with  one  equivalent  of  hydrogen,  because  in  it  the  hydrogen 
must  be  displaced  at  once  or  not  at  all. 
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The  determination  of  equivalents  is  a  purely  experimental 
question,  which,  in  the  majority  of  instances,  has  been  answered 
with  almost  absolute  exactitude;  but  the  determination  of  atomic 
weights  is  a  question  of  judgment,  to  which  in  many  cases  very 
different  answers  were  until  lately  accorded.  Chemists  are  now 
agreed,  however,  as  to  the  atomic  weights  of  all  the  most  im- 
portant elements,  and  their  agreement  extends  equally  to  atomic 
weights  which  are  multiples  of,  as  to  those  which  are  identical 
with,  the  equivalents  of  the  respective  elements.  It  is  only  with 
regard  to  a  few  of  the  less  known  elements  that  any  great 
difference  of  opinion  now  exists  as  to  the  correlations  of  their 
respective  equivalents  and  atomic  weights. 

(3.)  The  following  tables  exhibit  lists  of  the  most  important 
elements,  with  their  accepted  atomic  weights,  their  symbols  or 
abbreviated  names,  and  the  names  and  symbols  of  their  principal 
compounds  with  hydrogen  or  chlorine.  All  the  hydrides  are 
volatile,  and  when  in  the  gaseous  state  occupy  the  same  volume. 


Element 

Hydride 

Atomic 
weight 

Symbol 

Name 

Symbol 

Name 

I 

H 

Hydrogen 

H, 

19 

F 

Fluorine 

HF 

Hydrofluoric  acid 

35*5 

Cl 

Chlorine 

HC1 

Hydrochloric  acid 

80 

Br 

Bromine 

HBr 

Hydrobromic  acid 

127 

I 

Iodine 

HI 

Hydriodic  acid 

16 

0 

Oxygen 

HaO 

Water 

3* 

S 

Sulphur 

H,S 

Sulphuretted  hydrogen 

H 

N 

Nitrogen 

H3N 

Ammonia 

31 

P 

Phosphorus 

H3P 

Phosphoretted  hydrogen 

ii 

B 

Boron 

H3B 

Hydride  of  boron  ? 

12 

C 

Carbon 

H4C 

Marsh-gas 

28 

Si 

Silicon 

H4Si 

Silicated  hydrogen 
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Perissad  Metal,  &c. 

Artiad  Metal,  &c. 

Atomic 
weight 

Name 

Chloride 

Atomic 
weight 

Name 

Chloride 

18 

Ammonium 

NH4C1 

40 

Calcium 

CaCl2 

i 

Hydrogen 

HC1 

87-5 

Strontium 

SrCl2 

7 

Lithium 

Li  Cl 

*37 

Barium 

Bad, 

23 

Sodium 

NaCl 

24 

Magnesium 

MgCl2 

39 

Potassium 

KC1 

65 

Zinc 

Zn  C13 

108 

Silver 

AgCJ 

112 

Cadmium 

CdCl2 

200 

Mercury 

HgCl* 

200 

Mercury 

HgCl2 

63-5 

Copper 

CuCl* 

63-5 

Copper 

Cu  C12 

27-5 

Aluminum 

Al  C13* 

59 

Nickel 

NiCl2 

5^5 

Chromium 

Cr  Cl,* 

59 

Cobalt 

CoCl2 

56 

Iron 

Fe  C13* 

56 

Iron 

FeCl3 

75 

Arsenic 

As  CL 

55 

Manganese 

MnCla 

122 

Antimony 

SbCl3 

118 

Tin 

SnCl2&SnCl4 

210 

Bismuth 

BiCl3 

207 

Lead 

PbCl2 

196 

Gold 

(  Au  CL 
{  AuCl 

197 

Platinum 

Pt  Cl2&PtCl4 

It  is  observable  that  the  metals  mercury,  copper,  iron,  tin, 
gold,  and  platinum,  form  two  distinct  chlorides,  and,  as  will  be 
afterwards  seen,  two  distinct  sets  of  oxides  and  salts,  correspond- 
ing respectively  thereto.  Several  of  the  other  metals  also  form 
two  chlorides  and  two  sets  of  salts,  but  only  the  chlorides  shown 
in  the  table,  and  their  corresponding  salts,  are  familiarly  known. 
Cuprous,  aurous,  and  platinous  salts,  moreover,  are  for  the  most 
part  very  unstable,  and  rarely  met  with  save  when  specially  pre- 
pared. 

(4.)  Each  symbol,  as  exemplified  in  the  above  tables,  represents 
one  combining  proportion,  or  atom,  of  the  element.  Thus  N 
stands  not  for  nitrogen  in  general,  but  for  14.  parts  by  weight  of 

*  It  is  doubtful  whether  the  molecules  and  consequent  formulae  of  some 
or  all  of  the  chlorides  corresponding  to  the  formulae  marked  with  asterisks 
should  not  be  doubled.  The  words  '  perissad '  and  '  artiad '  are  applied  to 
both  metals  and  non-metals,  accordingly  as  they  combine  with  an  odd  or 
even  number  of  atoms  of  chlorine  or  hydrogen. 
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nitrogen  as  compared  with  I  part  by  weight  of  hydrogen.  Che- 
mical combination  is  represented  by  the  apposition  of  symbols ; 
thus  KC1  signifies  a  compound  of  39  parts  of  potassium  and  35-5 
parts  of  chlorine  united  to  form  74*5  parts  of  chloride  of  potas- 
sium. A  small  figure  placed  to  the  right  of  a  symbol  indicates 
a  multiple  quantity  of  that  particular  element.  Thus  HgCl2,  or 
corrosive  sublimate,  signifies  a  compound  of  one  atom  of  mercury 
with  two  atoms  of  chlorine.  A  larger  figure  placed  to  the  left  of 
an  allocation  of  symbols  multiplies  the  entire  compound.  Thus 
3HN03  represents  three  proportions  of  nitric  acid,  a  compound 
body  consisting  of  one  atom  of  hydrogen,  one  atom  of  nitrogen, 
and  three  atoms  of  oxygen.  The  single  formula  of  a  compound 
body  represents  the  atom,  or  smallest  indivisible  proportion,  of 
that  particular  compound,  and  its  atomic  weight  is  the  sum  of 
the  atomic  weights  of  its  constituents.  Thus  the  atomic  weight 
of  nitric  acid  HN03=i  +  14+  16  x  3  =  63. 

In  writing  the  formula  of  compound  bodies,  it  is  sometimes 
found  advisable  to  break  them  up  in  different  ways — by  means 
of  periods,  brackets,  parentheses,  &c.  Thus  for  sulphuric  acid 
we  sometimes  write  H2O.S03  instead  of  H2S04 ;  for  nitrate  of  am- 
monium, ]^II4N03  instead  of  N2H403 ;  and  for  phosphate  of  calcium 
Ca3(P04)-5  instead  of  Ca3P308.  Sometimes  these  breaks  are  purely 
arbitrary  or  conventional,  and  should  then  be  dispensed  with  as 
much  as  possible.  At  other  times  they  indicate  a  real  molecular 
isolation  of  one  portion  of  a  compound  from  the  remainder,  when 
their  use  is  perfectly  legitimate. 

The  symbol  for  the  atom  of  an  element  is  sometimes  marked 
with  one  or  more  dashes,  to  indicate  its  equivalency  or  inter- 
changeable value  for  hydrogen.  For  instance,  Ag  is  sometimes 
marked  with  a  single  dash  to  show  that  the  atom  of  silver  may  be 
substituted  for  an  atom  of  hydrogen,  so  as  to  combine  with  an 
atom  of  chlorine,  thus  Ag'Cl.  Again,  Pb-  is  marked  with  two 
dashes,  and  Bi  with  three  dashes  to  indicate  that  the  atoms  of  lead 
and  bismuth  may  be  respectively  substituted  for  two  and  three 
atoms  of  hydrogen,  so  as  to  combine  with  two  and  three  atoms  of 
chlorine,  thus  Pb"Cla  and  Bi'"Cl3. 
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The  signs  -f,  — -,  and  =  are  used  almost  in  their  ordinary 
algebraical  sense.  The  sign  +  signifies  addition  to,  or  rather 
mixture  with  ;  the  sign  —  subtraction  from ;  and  the  sign  = 
equivalency  with,  or  rather  conversion  into.  Thus  the  equation 
aHCl  +  CuO  =  CuCla  +  HaO,  implies  that  an  gftom  of  hydrochloric 
acid,  mixed  with  an  a^bm  of  oxide  of  copper,  yields  an  atom 
of  chloride  of  copper  together  with  an  mbm  of  water.  Or  the 
equation  may  of  course  be  written  zHCl  +  CuO  -  H20  =  CuCl2.  In 
modern  chemistry  the  sign  -f  is  no  longer  used  to  express  com- 
bination. 

(5.)  Those  hydrogenised  compounds  which  can  readily  ex- 
change some  or  all  of  their  hydrogen  for  its  equivalent  of  metal 
constitute  the  acids.  From  habit  one  particular  reaction  is 
adopted  as  the  conventional  criterion  of  acidity,  namely  that 
effected  by  the  hydrates  of  potassium  and  sodium.  An  acid  is 
simply  a  hydrogenised  body  which,  when  treated  with  hydrate  of 
potassium,  can  exchange  hydrogen  for  potassium  with  simultaneous 
formation  of  water,  thus : 

H4CaOa     +     KHO       =      KH3CaOa     +     HaO. 

The  solutions  of  such  bodies  are  generally  found  to  have  the 
power  of  reddening  blue  litmus  paper,  and  of  effervescing  with 
alkaline  carbonates,  so  that  the  possession  of  these  properties 
may  be  looked  upon  as  more  or  less  characteristic  of  an  acid. 
Oxygenised  acids,  such  as  the  nitric  HN03,  and  acetic  H4Cj,Oa,  are 
also  called  ternary,  while  non-oxygenised  acids,  such  as  the 
hydrochloric  HC1,  and  sulphydric,  HaS,  are  called  binary.  These 
binary  acids  were  formerly  known  as  hydracids.  In  most  ternary 
acids  the  number  of  oxygen  atoms  is  two,  or  three,  or  four,  as 
shown  below : 


HC10a   Chlorous. 
H  N  Oa  Nitrous. 
H  B  Oa  Boracic. 
H4C2Oa  Acetic 
H3POa  Hypophos. 


HC103  Chloric. 

H  N  03  Nitric. 

H2S  03  Sulphurous. 

HaC  03  Carbonic. 

H3P  03  Phosphorous. 


HC104  Perchloric. 
H  I  04  Periodic. 
HaS  04  Sulphuric. 
H2CZ04    Oxalic. 
H3P  04    Phosphoric. 


It  is  not  uncommon  to  have  one  or  more  of  the  hydrogen  atoms 
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of  a  ternary  acid  which  are  not  replaceable  by  metal  exchanged 
for  chlorine,  and  some  or  all  of  its  oxygen  atoms  exchanged  for 
sulphur.  Thus  we  have  acetic  acid  H4CaOa,  chloracetic  acid 
HCl3CaOa,  and  sulphacetic  acid  H4C2Sa ;  with  their  corresponding 
salts,  NaH3CaOa  acetate,  NaCl3CaOa  chloracetate,  and  NaH3CaSa  sulph- 
acetate  of  sodium,  for  instance. 

(6.)  Acids  in  which  only  one  atom  of  hydrogen  can  be  replaced 
by  metal  are  called  monobasic.  The  principal  monobasic  acids 
with  which  the  student  will  have  to  deal  are  the  following : 


HC1 

Hydrochloric. 

NaCI 

Chloride  of  sodium. 

HC103 

Chloric. 

Na  Cl  03 

Chlorate  of  sodium. 

HBr 

Hydrobromic. 

NaBr 

Bromide  of  sodium. 

HI 

Hydro-iodic. 

Nal 

Iodide  of  sodium. 

HN  03 

Nitric. 

NaN03 

Nitrate  of  sodium. 

HBO, 

Boracic.* 

NaBOa 

Borate  of  sodium. 

H4C2  Oz 

Acetic. 

NaH3CaOa 

Acetate  of  sodium. 

Acids  in  which  two  atoms  of  hydrogen  can  be  replaced  by 
metal  are  called  dibasic.  The  most  important  of  them  are  com- 
prised in  the  following  table : 


H,0 

Hydric  acid     . 

•( 

KHO 
KaO 

Potash. 
Oxide  of  potassium. 

HaS 

Sulphydric  acid 

•( 

NaHS 

NaaS 

Sulphydrate  of  sodium. 
Sulphide  of  sodium. 

HaS03 

Sulphurous  acid 

•I 

NaHS03 

NaaS03 

Acid  sulphite  of  sodium. 
Sulphite  of  sodium. 

HaS04 

Sulphuric  acid 

•{ 

KHS04 

KaS04 

Acid  sulphate  of  K. 
Sulphate  of  potassium. 

HaSi03 

Silicic  acid 

. 

KaSi03 

Silicate  of  potassium. 

HaC03 

Carbonic  acid 

•1 

KHC03 
KaC03 

Acid  carbonate  of  K. 
Carbonate  of  potassium. 

HaCa04 

Oxalic  acid      .  - 

-( 

'  KHCa04 
KaCa04 

Acid  oxalate  of  K. 
Oxalate  of  potassium. 

H6C406 

Tartaric  acid  . 

f      KH5C406 
(KNaH4C406 

Cream  of  tartar. 
Eochelle  salt. 

*  Another  variety  of  boracic  acid  has  the  formula  H3B03>   and  is 
tribasic. 
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Until  lately  many  of  these  acids  were  considered  as  monobasic 
and  represented  by  the  halves  of  the  formulae  here  given ;  but 
the  evidence  of  their  dibasicity  is  at  present  indisputable.  This 
class  of  bodies  includes  sulphydric  acid,  or  sulphuretted  hydrogen, 
the  sulphur  analogue  of  water,  which  itself  often  plays  the  part 
of  an  acid,  and  is  included  in  the  foregoing  list. 

Acids  in  which  three  atoms  of  hydrogen  may  be  replaced  by 
metal  are  called  tribasic,  the  most  important  of  which  are — 

I  KHZP04     Phosphate  of  potassium. 

H3P04    Phosphoric  acid        .     j  NaaHP04     Phosphate  of  sodium. 

I    Ag3P04     Phosphate  of  silver. 

H3As04    Arsenic  acid    .         .         Ag3As04     Arseniate  of  silver. 
H8C607     Citric  acid        .         .      Ag3H5C607     Citrate  of  silver. 

Monometallic  and  dimetallic  arseniates  and  citrates  are  also 
familiarly  known. 

The  monometallic  salts  of  dibasic  and  tribasic  acids  closely  re- 
semble the  acids  themselves  in  their  action  on  blue  litmus  paper 
and  on  alkaline  hydrates  and  carbonates.  They  constitute,  indeed, 
a  mere  variety  of  the  class  of  acids. 

In  polyhydrogenised  acids,  it  does  not  follow  that  the  units  of 
basicity  are  equal  to  the  units  of  hydrogen, — acetic  acid  H4C2Oa, 
lartaric  acid  H6C406,  and  citric  acid  H8C607,  for  example,  being 
but  monobasic,  dibasic,  and  tribasic  respectively,  or  capable 
of  exchanging  respectively  but  one,  two,  and  three  atoms  of 
hydrogen  for  metal. 

(7.)  In  the  illustrative  salts  above  adduced,  each  atom  of 
hydrogen  in  the  acid  has  been  displaced  by  one  atom  of  uniqui- 
valent  metal.  Thus  we  had  nitrate  of  potassium  KN03,  derived 
from  nitric  acid  HN03 ;  oxalate  of  sodium  NaaC204,  derived  from 
oxalic  acid  HaC204;  phosphate  of  silver  Ag3P04,  derived  from 
phosphoric  acid  H3P04,  &c.  &c.  But  the  salts  of  multiquivalent 
metals  have  usually,  though  not  invariably,  a  somewhat  greater 
complexity  of  constitution.  Their  chlorides,  derived  from  two 
or  three  atoms  of  hydrochloric  acid,  are  given  on  page  4,  and 
their  other  salts  derived  from  monobasic  acids  are  found  to  cor- 
respond closely  with  their  chlorides.  Thus  dichloride  and  dini- 
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trate  of  tin,  Sn"Cla  and  Sn"(N03)2,  are  derived  from  two  molecules 
of  hydrochloric  and  nitric  acid,  H2C12  and  Ha(N03)2,  respectively ; 
trichloride  and  trinitrate  of  bismuth,  Bi'"Cl3  and  Bi'"(N03)3,  derived 
from  three  molecules  of  hydrochloric  and  nitric  acid,  H3C13  and 
H3(N03)3  respectively.  But  the  formulae  of  the  salts  of  dibasic 
acids  with  diquivalent  metals  and  of  tribasic  acids  with  triqui- 
valent  metals  are  very  simple.  Thus  lead  sulphate  Pb"S04,  is 
derived  from  sulphuric  acid  H3S04,  and  bismuth  phosphate  Bi"T04, 
from  phosphoric  acid  H3P04,  &c.  On  the  other  hand  the  salts  of 
dibasic  acids  with  triquivalent  metals,  and  of  tribasic  acids  with 
diquivalent  metals,  are  highly  complex.  Sulphate  of  bismuth, 
for  example,  must  be  represented  by  the  formula  Bi'"2(S04)3,  de- 
rived from  three  atoms  of  sulphuric  acid  H6(S04)3,  and  so  in  other 
instances. 

(8.)  It  will  be  perceived  from  the  above  tables  and  examples, 
that  a  salt  is  usually  derived  from  its  corresponding  acid  by  a 
substitution  of  metal  for  hydrogen.  Many  salts,  however,  known 
as  salts  of  the  alkaloids,  are  formed  in  a  different  way — namely, 
by  a  direct  union  of  the  acid  with  ammonia  or  some  other  alka- 
loidal  base  ;  as  exemplified  by  hydrochloride  of  ammonia  NH3HC1, 
nitrate  of  ammonia  NH3HN03,  &c.  But  salts  of  this  character 
may  also  be  considered  to  contain  a  composite  metal,  or  rather 
metalloid,  in  place  of  the  hydrogen  of  the  acid.  Thus  by  asso- 
ciating with  each  atom  of  ammonia  in  the  salt  an  atom  of  hydrogen 
from  the  acid,  each  such  atom  of  ammonia  NH3,  becomes  con- 
verted into  an  atom  of  ammonium  NH4,  a  pseudo-metallic  group- 
ing, which  in  its  combinations  presents  a  most  marked  analogy 
to  potassium,  as  illustrated  below  : 


Ammonia  salts. 
NH3HC1      Hydrochlor. 
NH3HN03  Nitrate. 
NH3H2S04  Acid  sulph. 
(NH3)2H2S04  Sulphate. 


Ammonium  salts. 


NH4N03  Nitrate. 
NH4HS04  Acid  sulpl 
(NH4)8S04  Sulphate. 


Potassium  salts. 

KC1      Chloride. 

KN03  Nitrate. 

KHSOa  Acid  sulph. 

K2S04  Sulphate. 


Without  assuming   any  knowledge  of  the   actual   molecular 
arrangement  of  ammoniacal  salts,  it  is  found  most  convenient  in 
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practice,  especially  when  comparing  them  with  metallic  salts,  to 
regard  them  as  salts  of  ammonium  rather  than  as  salts  of  ammonia. 
But  the  salts  of  the  correlated  alkaloids  aniline,  morphia,  strychnia, 
&c.,  are  usually  represented  after  the  manner  of  ammonia  salts, 
thus: 


Hydrochlorides. 
NH3   .  HC1    Ammonia. 
C6H7N    .HC1    Aniline. 
CI7HI9N03  .  HC1    Morphia. 
CaIHaaNaO,  .  HC1     Strychnia. 


Acetates. 


NH3  .  H4C2Oa  Ammonia. 

'  C6H7N    .  H4C2Oa  Aniline. 

C17HI9N03    .  H4C2Oa  Morphia. 

CaIHaaNaOa    .  H4CaOa  Strychnia. 


(9.)  It  was  formerly  the  custom  to  regard  ternary  acids  as 
compounds  of  one  or  more  equivalents  of  water  with  a  special 
oxidised  grouping,  and  the  corresponding  salts  as  compounds  of 
one  or  more  equivalents  of  metallic  oxide  with  the  same  oxidised 
grouping.  Thus  the  formulae  of  chloric  acid,  and  chlorate  of 
potassium  were  written  HaO.Cla05  and  KaO.Cla05,  corresponding  to 
aHC103  and  aKC103  respectively.  But  this  custom,  which  was 
based  on  assumptions  since  shown  to  be  erroneous,  is  now  falling 
gradually  into  disuse.  Thus  the  acids  of  chlorine  form  the  follow- 
ing series,  the  ternary  members  of  which  may  be  obtained  by 
direct  and  successive  oxidation  of  the  binary  member,  hydro- 
chloric acid,  the  hydrogen  of  which  cannot  possibly  exist  in  the 
state  of  water : 


HC1  Hydrochloric. 

HC10  Hypochlorous. 

HC10a  Chlorous. 

HC103  Chloric. 

HC104  Perchloric. 


KC1  Chloride. 

KC10  Hypochlorite. 

KC10a  Chlorite. 

KC103  Chlorate. 

KC104  Perchlorate. 


It  is  true  that  many  ternary  acids  and  salts  may  be  directly 
or  indirectly  formed  from,  or  separated  into,  a  special  oxidised 
grouping  and  water  or  metallic  oxide,  but  the  same  acids  and 
salts  may  also  be  formed  from,  or  separated  into,  a  variety  of 
other  sub-compounds,  and  the  one  mode  of  composition  or  de- 
composition has  no  more  right  than  has  each  of  the  others  to  set 
up  for  itself  a  rational  formula.  Thus  if  we  act  upon  sulphate  of 
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copper  by  metallic  iron,  magnesia,  peroxide  of  barium,  and  sul- 
phide of  sod;um  respectively,  we  have  the  following  reactions: 

CuS04  or     Cu  .S04  +  Fe  =  FeS04     or  Fe    .  S04   +  Cu 

CuS04  or  CuO  .S03  +  MgO  =  MgS04   or  MgO   .  S03   +  CuO 

CuS04  or  CuOa.SOa  +  BaOa  =  BaS04    or  BaOa  .  SO,,    +  Cu02 

CuS04  or   CuS  .  04  +  Na,S  =  NaaS04  or  NaaS  .      04  +  CuS 

From  each  of  these  reactions  there  might,  with  equal  reason,  be 
inferred  the  pre-existence  in  sulphate  of  copper  of  the  respective 
groupings  S04,  S03,  S0a,  and  CuS, — and  the  correctness  of  the 
respective  rational  formulas  Cu.S04,  CuO.S03,  CuOa.SOa,  and  CuS.04, 
in  accordance  with  the  theories  of  Dulong,  Berzelius,  Long- 
champs,  and  Laurent  respectively.  Moreover,  sulphate  of  copper 
may  be  electrolysed  into  Cu  and  S03  +  0,  Avhile  it  may  be  formed 
by  combining  CuO  with  SO,,  or  CuOa  with  S0a,  or  CuS  with  04. 
From  considerations  of  this  kind  chemists  have  thought  it  better 
to  employ,  as  much  as  possible,  what  are  called  synoptic  formulas, 
which  express  only  the  composition  of  acids  and  salts,  and  not 
their  internal  molecular  arrangement. 

(10.)  The  anhydrous  acids  assumed  to  pre-exist  in  ternary 
acids  and  salts  are  mostly  hypothetical,  but  those  which  have  an 
actual  independent  existence  are  found  to  be  quite  devoid  of 
acid  properties,  and  in  their  reactions  upon  various  classes  of 
bodies  to  differ  greatly  from  the  corresponding  acids.  Hence  the 
appellation  acid  is  altogether  inapplicable  to  them,  and  conse- 
quently the  phrase  anhydrous  acid  is  become  gradually  disused, 
and  the  word  anhydride  adopted  in  its  stead.  The  only  an|jy- 
drides  often  concerned  in  chemical  reactions  are  the  carbonic, 
silicic,  stannic,  sulphurous,  and  arsenious.  With  the  carbonic 
and  sulphurous  anhydrides  may  be  associated  carbonic  oxide 
and  sulphuric  anhydride  respectively,  as  in  the  following  table : . 

CO  Carbonic  oxide. 

C0a  Carbonic  anhydride. 

SiOa  Silica. 

SnOa  Stannic  anhydride. 

S0a  Sulphurous  anhydride. 

S03  Sulphuric  anhydride. 

Asa03  Arsenious  anhydride. 


12  CHEMICAL   REACTIONS. 

The  carbonic,  silicic,  stannic,  sulphurous,  and  arsenious  acids 
are  unstable  ill-defined  bodies,  which  readily  break  up  into  water 
and  the  respective  anhydrides. 

(n.)  The  general  term  salt  is  often  taken  to  include  the  acid, 
or  salt  of  hydrogen,  as  well  as  the  salt  of  a  true  metal,  such  as 
sodium,  or  of  a  quasi-metal,  such  as  ammonium.  Using  the  term 
in  this  broad  sense,  it  may  be  said  that  whenever  different  salts 
of  different  bases  or  basylides  occur  in  solution,  they  undergo 
mutual  decomposition  to  a  greater  or  less  extent  according  to 
circumstances.  Thus  when  solutions  of  chloride  of  hydrogen  and 
nitrate  of  sodium  are  mixed  together  in  equivalent  proportions, 
we  have  produced  some  chloride  of  sodium  and  nitrate  of  hydrogen 
together  with  some  unaltered  chloride  of  hydrogen  and  nitrate  of 
sodium,  or  the  two  salts  become  four  salts,  thus  : 

o-HCl  +  arNaN03  =  yNaCl  +  yHN03  +  (x  -  y)HCl  +  (a:  -  y)NaN03. 


But  whenever  any  one  of  the  freshly  formed  salts  is  removed 
from  the  sphere  of  chemical  action  by  precipitation  or  volatilisa- 
tion, there  is  a  complete  instead  of  a  partial  decomposition, 
thus  : 


Hence  we  arrive  at  the  following  general  law.  Any  two  salts 
which,  by  an  exchange  of  their  respective  basylides,  can,  under 
the  conditions  of  the  experiment,  form  an  insoluble  or  volatile 
compound,  undergo  a  complete  double  decomposition  with  pre- 
cipitation of  the  insoluble  or  evolution  of  the  volatile  compound. 
Oxalate  of  calcium,  for  instance,  being  insoluble  in  water,  we 
know  that  when  chloride  of  calcium  solution  is  mixed  with  excess 
of  oxalate  of  ammonium  solution,  the  whole  of  the  calcium  will 
be  precipitated  in  the  form  of  oxalate  of  calcium,  thus  : 


CaCla     +     (NH4)2Ca04       =       zNH4Cl     +     CaC304. 

Again,  acetic  acid  or  acetate  of  hydrogen  being  volatile  at  a 
moderate  temperature,  we  know  that  when  acetate  of  sodium  is 
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heated  with  sulphate  of  hydrogen  a  double  decomposition  will 
take  place,  and  acetic  acid  be  liberated,  thus  : 

Oa     +     H2S04       =       H4C2Oa     +     NaHS04. 


As  will  hereafter  be  seen,  the  deposition  of  characteristic  pre- 
cipitates and  evolution  of  characteristic  gases  or  vapours  constitute 
the  most  general  means  by  which  the  presence  of  particular 
bodies  can  be  analytically  established. 


§  II.— CHEMICAL  MANIPULATION. 

(12.)  The  spirit-lamp  is  very  useful  for  many  operations, 
especially  when  a  small,  smokeless,  not  over  hot  flame  is  required. 
The  charcoal  burner  is  scarcely  necessary  in  a  laboratory  fur- 
nished with  gas,  but  is  otherwise  almost  indispensable.  In  a 
chauffer  of  the  kind  figured  on  page  38,  one  or  two  pieces  of 
charcoal  may  be  kept  slowly  burning,  by  occasionally  blowing 
off  the  ash ;  or  a  large  brisk  fire  may  be  kept  up,  capable  of 
boiling  a  gallon  or  more  of  water.  A  few  pieces  of  charcoal 
may  also  be  readily  burnt  on  a  coarse  wire  grating  or  trellis, 
resting  by  its  edges  on  a  couple  of  bricks  or  other  suitable 
support.  But  gas  is  by  far  the  most  convenient  fuel  for  ordinary 
laboratory  work.  Among  burners  which  are  very  generally 
useful  may  be  mentioned  the  bat's-wing-gauze  burner.  This 
consists  of  a  large  bat's-wing  nipple,  screwed  into  an  elbow  of  brass 
tube  standing  on  a  flat  iron  ibot,  and  provided  with  a  gallery  of  some 
kind  to  support  a  brass  chimney  covered  at  the  top  with  wire 
gauze.  The  bat's-wing  flame  burnt  without  the  chimney  is 
convenient  for  bending  glass  tube,  and  when  reduced  by  partially 
turning  off  the  gas,  is  well  fitted  for  blowpipe  testing  (fig.  4). 
With  the  chimney  on,  and  the  ascending  mixture  of  gas  and  air 
burnt  at  the  top  of  the  gauze,  as  shown  on  page  34.  a  large 
smokeless  flame  is  obtained  suitable  for  heating  sand-baths,  flasks, 
test-tubes,  &c.  An  argand  burner,  screwed  into  a  flat  iron  foot 
and  provided  with  a  short  brass  chimney,  is  also  convenient  for 
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Fig.  i. 


many  purposes,  especially  when  a  steady  long-continued  heat  is 
required.  When  small  flasks,  &c.,  have  to  be  heated,  a  flat 
brass  ring  with  an  aperture  about  the  size  of  a  shilling  may  be 
placed  on  the  top  of  the  argand  chimney  so  as  to  confine  the  heat. 
In  the  Bunsen  burner  (fig.  I ),  gas  issues  from  a  short  jet  fixed 
in  the  interior  of  an  upright  tube,  having  holes  at  the  bottom 
through  which  air  is  sucked  in,  so  as  to  produce  a  mixture  of 
gas  and  air  to  be  burnt  at  the  top  of  the  tube.  The  flame  is 

smokeless,  and  from  its 
great  heat  well  suited  for 
ignitions  on  a  small  scale. 
In  many  Bunsen  burners 
the  gas  may  be  either 
burnt  in  a  single  upright 
flame,  as  above  described, 
or  in  a  flat  rosette  of 
smaller  jets  well  adapted 
for  evaporations,  distil- 
lations, &c.,  as  shown  on 
page  37.  The  Bunsen 
burner  may  be  further 
modified  by  slipping  into 
its  upright  tube,  a  some- 
what narrower  tube,  hav- 
ing an  expanded,  broad,  flat  openmg, — the  flat  flame  from  which 
is  especially  suitable  for  blowpipe  use.  Herapath's  burner  (fig.  2), 
is  a  very  useful  instrument  for  effecting  strong  ignitions  or 
fusions,  and  for  glass  working.  It  consists  of  a  large  blowpipe 
jet  a,  connected  with  the  mouthpiece  by  a  flexible  tube,  and 
sliding  in  the  interior  of  a  brass  tube  b,  furnished  with  a 
supply  of  gas,  through  a  lateral  projection  c,  fitting  on  to  an 
elbow  on  which  it  moves  easily,  so  as  to  allow  of  the  flame  being 
turned  in  any  direction. 

(13.)  The  mode  of  using  the  mouth  blowpipe,  though  difficult 
to  describe,  is  fortunately  very  easy  to  learn.  The  best  blowpipe 
for  general  laboratory  use  is  that  designed  by  Dr.  Black  (fig.  3  a). 
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It  consists  of  a  small  conical  tube  of  brass  or  tin  plate-  closed  at 
its  broadband  open  at  its  narrow  end,  which  is  usually  furnished 
with  a  mouthpiece  of  bone  or  ivory.  From  the  side  of  the  cone 

Fig.  2. 


near  its  broad  end,  there  projects  a  piece  01  narrow  tube  about 
an  inch  long  terminating  in  a  jet,  through  which  the  current  of 
air  issues.  This  jet  or  nozzle  should  be  turned  out  of  a  solid 
piece  of  metal,  should  be  strictly  conical  both  inside  and  out, 
and  should  fit  on  to  the  conical  end  of  the  narrow  tube  by  mere 
pressure  without  screwing.  It  is  advisable  to  have  a  fine  jet  for 
testing,  and  a  coarse  jet  for  glass  working  and  general  heating; 
but  for  these  last  purposes  a  common  brazier's  blowpipe  (fig.  3  b\ 
or  even  a  bent  glass  tube  drawn  out  to  a  fine  point  (fig.  3  c)  will 
usually  suffice. 

A  coarse  bat's-wing  burner  with  the  gas  partly  cut  off,  so  as  to 
produce  a  flame  scarcely  larger  than  that  of  a  candle,  will  be 
found  very  convenient  for  blowpipe  testing ;  but  in  default  of  gas, 
the  flame  of  a  large  candle,  or  of  a  spirit  lamp  fed  with  solution 
of  turpentine  in  spirits  of  wine,  may  be  employed.  The  candle- 


i6 


CHEMICAL   MANIPULATION. 


wick  should  be  cut  of  medium  length,  and  turned  in  the  same 
direction  as  the  blowpipe  jet. 

In  using  a  blowpipe,  the  air  must  be  projected  by  the  muscles, 
not  of  the   chest,  but   of  the  mouth,   which  should  be  blown 

Fig-  3- 
1 


Fig.  4- 


out  like  a  trumpeter's.  The  breathing  has  to  be  carried  on 
through  the  nose  only ;  and,  after  a  little  practice,  it  will  be  found 
easy  to  keep  up  a  continuous  pressure  with  the  cheeks  and  lips 

quite     unaffected 
by  the  alternating 
respiratory  move- 
ments of  the  trunk. 
The  mouth  should 
never  be  allowed 
to   get  exhausted 
of     air,    but     be 
constantly    reple- 
nished from  behind  through  the  nose.     It  will  be  requisite  for 
the  student  to  acquire  the  power  of  producing  either  an  oxidising 
or  reducing  flame  at  will.     To  produce  an  oxidising  flame  (fig.  4), 
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the  extremity  of  the  jet  should  be  placed  inside  the  gas-  or 
candle-flame,  and  a  steady  not  too  forcible  current  of  air  main- 
tained. By  this  means  a  continuous,  silent,  lateral  flame,  of 
sharply  defined  conical  form,  will  be  produced.  The  interior  of 
this  flame  close  to  the  jet  will  be  dark,  and  contain  an  excess 
of  cold  air  from  the  mouth  ; 

while  surrounding  it  will  be  FlS-  5- 

seen  a  somewhat  thick  layer 
of  clear  blue.  This  is  the 
cone  of  perfect  combustion, 
the  pointed  extremity  of 
which  constitutes  the  hottest 
part  of  the  flame.  Outside 
this  blue  cone,  more  espe- 
cially at  its  termination,  will 

be  perceived  a  very  slightly  luminous  yellow  cone,  in  which  the 
external  air  is  in  excess  and  at  a  very  high  temperature.  This  con- 
stitutes the  oxidising  portion  of  the  flame,  by  exposure  to  which, 
a  small  piece  of  metallic  tin,  the  size  of  a  pin's  head,  should 
gradually  swell  up  into  a  pulverulent  mass  of  peroxide  of  tin.  To 
produce  a  reducing  or  deoxidising  flame  (fig.  5),  the  blowpipe  jet, 
which  should  be  rather  fine,  is  placed  just  outside  the  gas-  or 
candle-flame,  and  a  somewhat  forcible  current  of  air  maintained. 
The  resulting  blowpipe  flame  is  much  less  sharply  defined  than  that 
previously  described,  and  consists  principally  of  a  large  luminous 
cone  containing  an  excess  of  unconsumed  carbon,  which  exerts 
a  powerful  reducing  action.  A  minute  portion  of  peroxide  of 
tin,  heated  in  this  flame  on  a  charcoal  support,  may  be  readily 
brought  to  the  metallic  state  even  without  the  use  of  a  flux. 

The  heating  power  of  the  blowpipe  flame  depends  upon  the 
continuous  impulsion  of  hot  gaseous  matter  on  to  the  substance 
under  examination,  and  upon  its  rapid  removal  so  soon  as  it  has 
imparted  its  heat  by  contact.  Moreover,  a  very  perfect  combus- 
tion of  the  fuel  is  effected,  partly  by  air  projected  through  the 
jet,  partly  by  external  air  drawn  in  from  the  sides  of  the  jet  and 
flame,  and  coinciding  in  direction  with  the  projected  stream. 

c 
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(14.)  Some  amount  of  skill  must  be  attained  by  the  chemical 
student  in  constructing  apparatus  of  glass  tubing,  and  in  other- 
wis^  working  with  glass.  Ordinary  tubing  or  rod  may  be  cut  of 
any  required  length  by  making  a  firm  scratch  across  it  with  a 
triangular  file,  and  then  breaking  it  sharply  at  the  file-mark  by  a 
conjoint  pull  and  bend.  Glass  may  also  be,  as  it  were,  sawn 
through  by  means  of  a  file,  but  the  operation  is  rather  tedious. 
It  may  be  much  facilitated  by  occasionally  wetting  the  file  with 
turpentine,  or  even  with  water.  Glass  may  be  bored  through  in 
a  similar  manner  by  a  drill  or  a  hard  bradawl  dipped  in  turpen- 
tine. When  the  neck  of  a  flask,  rim  of  a  beaker,  or  portion 
of  other  glass  apparatus,  becomes  cracked,  a  piece  of  ignited 
charcoal,  or  preferably  of  pastille,  held  in  contact  with  the  glass 
immediately  in  front  of  the  crack,  will  serve  to  extend  it  in  any 
desired  direction,  so  as  to  cut  off  the  neck  or  rim,  &c.  The 
charcoal  may  be  kept  alight  by  gently  blowing  on  it.  Pastilles 
are  made  of  charcoal  powder  formed  into  a  mass  with  thick  gum, 
and  rolled  into  quill-sized  sticks,  which  are  dusted  with  charcoal 
and  dried. 

Glass  stirring  rods  are  best  made  from  a  piece  of  solid  rod  or 
cane  long  enough  for  two  stirrers.  This  is  to  be  heated  at  its 
middle  point  in  the  blowpipe  flame,  turning  it  constantly  round 
and  gently  extending  it,  until  a  constriction  is  formed,  which 
when  cold  is  scratched  with  a  file.  The  two  halves  are  then 
snapped  apart,  and  the  ends  of  the  stirrers  rounded  off  by  direct- 
ing the  flame  upon  them  for  a  few  moments. 

Subliming  or  reduction  tubes  are  made  by  taking  a  piece  of 
glass  tubing  of  about  0-2  inch  bore  and  six  inches  long,  heating 
it  at  its  middle  point  in  the  blowpipe  flame  until  the  glass  is 
thoroughly  softened,  and  then  gently  pulling  the  two  halves 
asunder.  The  glass  of  which  these  tubes  are  formed  should  be 
clear,  thin,  and  difficultly  fusible. 

Ordinary  glass  tubing,  unless  very  thick,  may  be  bent  in  the 
flame  of  a  bat's-wing  or  Bunsen  burner.  The  piece  of  tubing 
should  be  heated  over  a  considerable  portion  of  its  length,  either 
at  once  or  successively,  and  as  it  gradually  softens  be  bent  into 
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Fig.  6. 


the  required  shape.  The  production  of  any  constriction  in  the 
bore  may  be  avoided  by  causing  some  length  of  tube  to  take  part 
in  the  bend,  »which  should  never  form  a  sharp  angle,  but  anvell- 
rounded  curve,  as  in  the  syphon  (fig.  6). 

Glass  tubing  may  be  drawn  out  to  an  almost  capillary  point,  as 
in  the  jet  of  a  wash  bottle,  end  of  a  pipette,  &c.,  by  heating  a 
portion  of  it,  about  a  quarter 
of  an  inch  long,  until  it  just 
softens  and  then  steadily  pull- 
ing until  a  sufficient  constric- 
tion is  produced,  which  is  after- 
wards scratched  with  a  file  and 
snapped  across.  The  point  may 
have  its  edges  rounded,  and 
its  aperture  further  diminished 
if  necessary,  by  holding  it  in 
the  flame  for  a  few  seconds  or 
so.  In  order  to  point  the  ex- 
tremity of  a  piece  of  tubing, 
another  piece  of  tubing  or  rod 
must  first  be  joined  to  it  by 
the  blowpipe,  so  that  the  neces- 
sary extension  may  be  made.  It  is  often  advisable  to  thicken  a 
tube  slightly  at  the  spot  where  it  is  to  be  drawn  out,  by  rotating 
it  for  some  time  in  the  flame,  and  gently  pressing  its  ends  to- 
gether. In  this  way  the  conical  aperture  may  be  made  both  strong 
and  fine. 

(15.)  Glass-blowing  is  a  valuable  accomplishment  to  the 
practical  chemist,  but  there  are  only  one  or  two  small  operations 
with  which  it  is  actually  necessary  for  the  student  to  become 
familiar.  It  will  be  rarely  worth  while  for  him  to  make  his  own 
test-tubes,  but  he  should  be  able  to  reseal  any  that  have  got 
accidentally  broken.  By  means  of  the  blowpipe,  a  piece  of  waste 
rod  or  tubing  must  first  be  joined  firmly  on  to  two  or  three  pro- 
jecting points  of  the  broken  end,  and  be  made  to  coincide  as 
nearly  as  practicable  with  the  axis  of  the  test-tube,  as  in  fig.  7. 

c  2 
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Then,  at  about  half  an  inch  or  more  from  its  broken  end,  the 
tube  is  to  be  steadily  heated  in  a  large  blowpipe-flame,  and  con- 
stantly rotated  until  a  considerable  constriction  is  formed,  when 
gentle  extension  may  be  employed.  The  flame  is  next  to  be 
directed  upon  what  will  form  the  bottom  of  the  tube,  just  at  its 

Fig.  7. 


bend  or  shoulder,  and  the  extension  continued.  By  this  means 
the  end  to  be  pulled  away  will  be  left  irregularly  conical,  and 
that  of  the  new  tube  well  rounded.  Finally,  the  thread  of  glass 
proceeding  from  the  cone  is  to  be  strongly  heated  at  its  junction 
with  the  tube  until  it  melts  and  becomes  detached.  There  is 
thus  always  left  on  the  bottom  of  the  tube  a  little  burr  or  projec- 
tion of  melted  glass,  which,  if  sufficiently  small,  may  be  made  to 
disappear  by  heating  it  and  the  whole  bottom  of  the  tube  until 
the  glass  is  soft,  and  then  blowing  into  the  tube  with  moderate 
force  while  rotating  it  in  the  mouth.  The  burr,  if  too  large  for 
this  treatment,  may  be  melted  in  a  small  blowpipe-flame,  and 
then  have  a  piece  of  waste  tubing,  previously  warmed,  applied  to 
it,  and  quickly  drawn  away,  so  as  to  bring  the  burr  with  it.  In 
this  manner  a  smaller  burr  will  be  left,  which  may  be  melted 
into  the  bottom  of  the  tube  as  above  described.  The  mouth  of  a 
test-tube  may  be  everted  by  softening  it  in  the  flame,  and  then 
bending  the  edge  uniformly  outwards  with  the  smooth  end  of  an 
old  file  previously  heated  nearly  to  redness;  or  else  a  conical 
piece  of  charcoal  may  be  twisted  into  the  softened  mouth  of  the 
tube. 

Glass  tubes  sealed  at  both  ends  constitute  the  best  means  of 
preserving  small  specimens,  either  of  liquid  or  solid.  One  end  of 
the  tube  is  first  sealed  as  if  for  a  test-tube,  save  that  the  small 
burr  need  not  be  interfered  v/ith.  The  other  end  is  then  con- 
stricted to  a  greater  or  less  extent,  according  to  the  size  of  the 
specimen  to  be  introduced,  so  as  to  leave  a  funnel-shaped 
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Fig.  8. 


Fig.  9. 


appendage,  as  in  fig.  8.  Liquids  may  be  introduced  through  a 
very  constricted  opening  by  alternately  warming  and  cooling  the 
body  of  the  tube  while  the  liquid 
is  contained  in  the  funnel.  After 
the  substance  has  been  introduced, 
a  small  blowpipe-flame  is  gradually 
brought  to  bear  upon  the  con- 
striction, and  the  sealing  com- 
pleted. Very  careful  heating  is 
more  particularly  required  when 
the  constriction  is  moist  from  the 
passage  of  liquid.  For  practice 
the  student  should  seal  up  small 
tubes  filled  to  within  an  inch  or 
so  of  their  length  with  water,  spirit, 
sulphur,  sugar,  &c.  When  sealed 
tubes  are  used  for  effecting  reac- 
tions under  pressure,  their  ends 
have  to  be  made  with  great  care 
so  as  not  to  be  less  resisting  than 
the  original  sides. 

When  a  small  bulb  has  to  be 
blown  upon  the  end  of  a  piece  of 
tubing,  the  closed  end  must  first 
be  thickened  by  rotating  it  in  the 
flame  for  some  time,  and  pressing 
it  up  with  a  piece  of  charcoal  until 
enough  glass  has  accumulated. 
This  thick  portion  has  next  to  be 
strongly  heated,  then  withdrawn 
from  the  flame,  and  have  air  quick- 
ly but  gently  blown  into  it  from 

the  other  end,  during  constant  rotation  of  the  tube  in  the  mouth. 
Or  a  bulb  may  be  blown  in  the  course  of  a  tube,  as  in  making  a 
bulbed  pipette  (fig.  9  #),  for  instance.  For  this  purpose  a  portion 
of  the  tube  is  to  be  thickened  considerably  by  rotating  it  in  the 
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flame  for*  some  time  and  gently  pressing  the  two  ends  together. 
The  nearest  end  is  then  to  be  closed  with  a  cork,  and  the  thickened 
portion,  having  been  strongly  heated,  is  to  be  distended  into  a  bulb 
by  blowing  into  the  tube  at  the  other  end,  during  its  rotation  in 
the  mouth.  In  making  a  pipette,  a  strong  capillary  termination 
should  be  first  formed,  and  the  bulb  afterwards  blown.  The 
suction  orifice  may  be  everted  or  not  at  pleasure.  The  successful 
blowing  of  even  small  bulbs  will  not  be  found  easy  save  after 
considerable  practice. 

(16.)  Connections  of  tubing  and  apparatus  are  made  in  various 
ways.  Two  pieces  of  tubing  of  the  same  diameter  may  be  sealed 
together,  but  the  operation  requires  some  amount  of  skill  for  its 
performance.  The  two  ends,  well  adapted  and  by  preference 
slightly  everted,  should  be  heated  to  softening  in  the  Bunsen  or 
blowpipe  flame,  and  then  brought  steadily  into  contact,  taking 
care  that  the  edges  exactly  coincide.  The  junction  has  then  to  be 
heated  for  some  time,  constantly  rotating  the  tube,  and  alternately 
pushing  and  pulling  the  free  ends,  one  of  which  should  be  stopped 
with  a  -cork,  and  the  other  occasionally  blown  into,  so  as  to  main- 
tain a  proper  calibre.  A  piece  of  wide  may  be  joined  to  a  piece 
of  smaller  tubing,  by  first  drawing  out  the  former  to  a  point,  and 
then  cutting  it  across  just  where  its  diameter  coincides  with 
that  of  the  narrow  tube.  The  two  can  then  be  joined  together 
as  if  originally  of  equal  size.  In  this  way  funnel-tubes  may  be 
made. 

Glass  tubes  of  more  or  less  similar  diameter  are  best  connected 
by  means  of  a  short  piece  of  vulcanite  tubing,  the  internal  diameter 
of  which  should  be  rather  less  than  the  exterior  diameter  of  the 
glass  tubes,  so  as  to  grasp  them  firmly  by  its  contraction  without 
requiring  to  be  tied.  In  the  absence  of  vulcanite,  small  connec- 
tors may  be  made  of  sheet  india-rubber,  a  piece  of  which  of  the 
required  size  is  to  be  gently  warmed,  and  wrapped  round  a  glass 
rod  or  tube ;  when  its  opposite  edges,  having  been  cut  obliquely 
so  as  to  overlap,  and  firmly  pressed  together  with  the  thumb- 
nails, will,  if  freshly  cut  and  perfectly  clean,  adhere  thoroughly. 
The  removal  of  the  caoutchouc  connector,  from  the  tube  or  rod 
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on  which  it  has  been  made,  may  be  facilitated  by  first  moistening 
the  rod  in  the  mouth  or  afterwards  dipping  it  in  water.  Glass 
tubes  may  often  be  advantageously  connected  by  a  considerable 
length  of  vulcanite  tubing,  which  can  be  closed  at  will  anywhere 
in  its  course  by  pressing  it  together  with  a  clamp  of  some  kind, 
or  even  by  tying  it  tightly  with  string.  A  stiff  union  of  two 
tubes  may  be  made  by  wrapping  a  piece  of  well-soaked  bladder 
or  parchment  paper  several  times  round  their  opposed  ends,  and 
allowing  it  to  dry  on.  Or  they  may  be  first  connected  by  a  piece 
of  vulcanite  tubing,  and  then  stiffened  by  tying  on  one  or  two 
wooden  splints  made  out  of  lucifer  matches.  In  this  way  an 
ordinary  funnel  may  be  readily  converted  into  a  funnel-tube.  An 
extempore  funnel-tube  may  also  be  formed  by  merely  resting 
a  small  funnel  in  the  suction-orifice  of  a  plain  straight  pipette 
(fig.  9  a). 

A  small  tube  may  be  adapted  to  a  considerably  larger  one,  or 
to  the  neck  of  a  flask  or  bottle,  by  means  of  a  well-fitting  per- 
forated cork,  the  size  of  which  can  be  readily  reduced  to  any 
required  extent  by  rasping  and  filing.  A  sound  cork  of  slightly 
conical  shape,  and  of  such  a  size  as  to  require  some  little  force 
for  its  insertion,  having  been  softened  by  pressure  between  the 
fingers  or  rolling  under  the  foot,  should  be  pierced  by  thrusting 
the  point  of  a  rat-tail  file  half  way  through  it  from  each  end,  and 
then  right  through.  The  hole  so  made  must  be  enlarged  by  filing 
until  of  a  size  to  fit  the  tube  tightly.  When  two  or  more  holes 
have  to  be  made  in  the  same  cork,  care  must  be  taken  to  have 
them  all  parallel,  and  as  equidistant  as  possible  from  one  another 
and  from  the  outside  of  the  cork.  For  making  the  necessary 
perforations  variously-sized  brass  tubes  with  cutting  edges,  known 
as  cork-borers,  may  be  used  with  advantage  instead  of  files. 
The  holes  made  with  them  should  always  be  rather  too  small  at 
first,  so  as  to  require  some  little  enlargement  by  filing.  By  means 
of  cork-borers,  very  admirable  substitutes  for  corks  may  be  cut 
out  of  solid  vulcanite.  The  end  of  a  tube  to  be  inserted  through 
a  perforation  should  always  be  rounded  off  by  carefully  heating  it 
to  redness,  so  that  it  may  not  cut  or  tear  the  bore,  through  which 
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it  is,  after  cooling,  to  be  gradually  thrust  with  a  screw-like  motion. 
If  fitting  very  tightly,  it  may  advantageously  be  greased  before  its 
insertion.  The  cork,  with  its  tube  or  tubes,  is  next  to  be  fitted 
to  the  neck  of  the  flask  or  bottle  by  direct  pressure  with  the 
fingers*  and  by  gentle  screwing.  That  the  junction  is  air-tight 
may  be  ascertained  by  sucking  out  or  blowing  into  the  closed 
apparatus,  and  noticing  with  the  tongue  whether  any  exhaustion, 
or  by  the  ear  whether  any  compression,  is  produced.  Lutes 
should  be  avoided  as  much  as  possible,  but  sealing-wax, 
varnish,  white  lead,  and  linseed  meal  paste  are  sometimes  useful 
to  stop  a  leak.  Occasionally  two  pieces  of  tubing  of  more 
or  less  similar  diameter  are  connected  by  being  each  of  them 
inserted  half-wa}'  through  the  opposite  ends  of  a  long  perforated 
cork. 

(17.)  By  means  of  glass  tubing,  vulcanite  connectors,  and 
perforated  corks,  together  with  flasks,  bottles,  or  test-tubes,  the 
student  may  construct  for  himself  a  variety  of  useful  apparatus, 

such,    for   instance,    as 


Fig.  10. 


the  drop-bottle  (fig. 
10).  From  this,  when 
surrounded  by  the 
warm  hand  and  in- 
verted, the  water  or 
other  contained  liquid 
issues  in  a  succession 
of  drops ;  but  when 
forcibly  blown  into  and 
quickly  inverted,  a  jet 
of  water  springs  forth 
with  considerable  but 
gradually  decreasing 
force.  This  bottle, 
which  should  never  be 

more  than  half  filled,  is  convenient  for  moistening  substances, 
and  for  washing  down  into  filters  or  evaporating  dishes  the  fre- 
quently adhering  contents  of  inverted  tubes  and  beakers. 
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The  wash-bottle  also  (fig.  n), 
•when  held  in  an  upright  position 
and  blown  into  through  the  short 
tube,  furnishes  a  fine  strong  jet  of 
water  suitable  for  washing  precipi- 
tates; while,  upon  simple  inver- 
sion, it  delivers  a  coarse  stream  of 
water  through  the  blow-tube,  serv- 
ing to  dilute  solutions,  fill  test- 
tubes,  &c.  The  blow-tube  may 
conveniently  be  made  with  a  vul- 
canite joint  or  mouthpiece,  so  as 
to  allow  some  freedom  of  move- 
ment during  its  use.  The  jet  also 
may  be  attached  by  a  cork  joint, 
whereby  it  can  be  pointed  in  any 
direction.  It  is  convenient  to  have 
several  wash-bottles,  one  for  cold 
distilled  water,  one  made  out  of 
a  flat-bottomed  flask  for  boiling 
water,  one  of  smaller  size  for  alco- 
hol, &c.  The  neck  of  the  hot- 
water  flask  should  be  bound  round 
with  list  or  something  of  the  kind, 
so  as  to  allow  of  its  being  handled. 
The  blow-tube  of  the  alcohol  flask 
may  be  temporarily  closed  by  a 
short  length  of  vulcanite,  one  end 
of  which  has  been  stopped  with  a 
bit  of  glass  rod. 

Retorts  suitable  for  the  genera- 
tion of  gases  are  readily  made  by 
adapting  a  bent  tube  and  cork 
to  a  small  flask  or  test-tube,  as 
in  fig.  12.  But  when  the  gas  is 
liberable  without  the  application 


Fig.  ii. 


Fig.  iz. 
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Fig.  13- 


of  heat,  a  small  phial,  of  such  a  shape  as  to  stand  firmly  on  the 
table,  may  be  used  instead  of  a  flask.  The  addition  of  a  funnel- 
tube  is  useful  when  fresh  liquid  has  to  be  supplied  from  time  to 
time  in  order  to  maintain  the  effervescence.  The  bottom  of  this 
tube  must  dip  under  4he  liquid  in  the 
retort  or  bottle,  so  as  to  be  cut  off 
from  the  liberated  gas. 

An  arrangement  of  the  kind  shown 
in  fig.  13  is  useful  for  testing  the 
nature  of  a  gas  generated  by  the 
action  of  a  known  liquid,  usually  an 
acid,  upon  some  unknown  substance. 
The  acid  is  poured  upon  the  other 
substance  through  the  tube-funnel, 
and  the  gas  conducted  by  the  bent 
tube  into  the  test  solution,  where  its 
effects,  if  any,  are  observable. 

Gases  often  require  to  be  purified 
by  acting  on  them  with  certain  liquid 
or  solid  reagents  capable  of  retaining 
their  different  impurities,  of  which 
aqueous  vapour  is  by  far  the  most 
common.  The  solid  reagent,  divided 
into  small  pieces,  is  usually  contained 
in  a  glass  tube,  either  straight  or  bent 
in  the  form  of  the  letter  U, — a  little 
cotton  wool  or  tow  being  interposed 
between  it  and  the  perforated  corks 
of  the  tube.  The  liquid  reagent  is 
either  absorbed  into  pieces  of  pumice 

or  other  porous  solid  contained  in  a  U-tube,  or  the  current  of  gas 
is  allowed  to  bubble  up  through  the  liquid  contained  in  a  two- 
necked  bottle,  or  in  a  wide-mouthed  bottle,  or  in  a  U-tube,  ac- 
cording to  circumstances.  Most  insoluble  gases,  when  required 
in  a  pure  state,  are  first  'd  by  their  transmission  through 


SULPHURETTED  HYDROGEN  APPARATUS.         2; 

water,  and  then  dried,  if  necessary,  by  being  passed  over  chloride 
of  calcium  or  pumice  soaked  in  oil  of  vitriol. 

An  apparatus  for  evolving  sulphuretted  hydrogen  gas  is  indis- 
pensable to  the  analyst.  For  ordinary  testing  the  generating 
bulb  shown  in  fig.  14  is  very  convenient.  Four  or  five  small 
lumps  of  sulphide  of  iron,  not  larger  than  peas,  are  slid  down  the 
neck  into  the  bulb,  and  covered  to  some  depth  with  water.  Sul- 
phuric acid  is  then  added  little  by  little,  until  a  brisk  effer- 

Fig.  14. 


vescence  is  produced,  which  usually  happens  when  the  acid 
measures  about  one-tenth  part  of  the  water  previously  introduced. 
The  mouth  is  then  closed  by  a  tightly  fitting  cork,  or  even  by  the 
thumb,  and  the  evolved  gas  transmitted  through  the  solution  to 
be  examined.  In  the  absence  of  the  above- described  bulb,  the 
arrangement  shown  on  page  26  may  be  employed.  The  gas 
from  either  apparatus  may  be  washed,  if  necessary,  by  trans- 
mission through  a  little  water  contained  in  a  second  generating 
bulb,  or  in  a  test-tube,  as  shown  in  fig.  42.  But  when  a  con- 
tinuous supply  of  washed  sulphuretted  hydrogen  is  required,  as  in 
some  toxicological  experiments,  a  different  arrangement  is  pre- 
ferable. The  gas  is  developed  in  a  Wolfe's  bottle,  into  one  neck 
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of  which  there  passes  a  tube-funnel,  and  from  the  other  a  delivery  - 
tube  bent  twice  at  right  angles,  which  dips  through  a  wider  tube 
into  a  second  bottle  charged  with  a  very  dilute  solution  of  potash, 
and  furnished  with  a  delivery-tube  conveying  the  gas  into  the 
solution  to  be  precipitated,  as  in  fig.  15.  But  contrivances  of 

this  kind  may  be 
infinitely  varied,  ac- 
cording to  the  fancy 
of  the  operator. 

(18.)  Filtration  is 
performed  in  order 
to  separate  a  mecha- 
nically mixed  liquid 
and  solid,  with  a 
view  to  obtain  the 
clear  liquid  which 
passes  through  the 
filter,  or  the  sus- 
pended solid  which 
is  retained  on  the 
filter,  or  both  liquid 
and  solid  apart  from 
one  another.  For 
analytical  purposes, 
a  fine,  thin,  white 

blotting-paper  is  employed  as  the  ordinary  filtering  medium.  Boil- 
ing water  should  not  dissolve  anything  from  it,  and  when  burnt 
it  should  leave  scarcely  any  appreciable  ash.  It  is  sold  either  in 
sheets,  or  preferably  cut  into  circles  of  various  sizes.  A  round 
or  square  piece  of  the  paper  is  folded,  in  one  or  other  of  two  ways, 
into  the  form  of  a  cone,  which,  unless  very  small,  should  rest  in 
a  funnel  of  glass  or  fine  porcelain.  When  the  object  of  filtration 
is  merely  to  clarify  the  liquid,  and  especially  when  such  liquid  is 
at  all  viscid,  or  requires  to  be  very  quickly  filtered,  as  often 
happens  with  a  hot  saturated  solution,  a  ribbed  filter  is  employed. 
The  mode  of  folding  this  filter  is  not  easily  described,  though 


FOLDING    FILTERS.  2Q 

very  easily  learnt  from  demonstration.  A  circle  or  square  of 
paper  is  folded  first  into  halves,  then  into  quarters,  and  each 
of  the  two  double  quarters  again  into  quarters,  all  the  creases 
being  made  on  the  same  side  of  the  doubled  paper ;  each  sector 
is  next  to  be  divided  into  two  by  a  crease  down  the  middle  made 
on  the  opposite  side  of  the  still  doubled  paper.  At  this  stage  the 
filter  assumes  the  form  of  a  child's  fan  (fig.  16  a),  and  in  the 

Fig.  1 6. 


event  of  a  square  of  paper  having  been  used,  the  projecting  ends 
may  be  cut  off  while  the  fan  is  closed.  The  doubled  halves  are 
now  for  the  first  time  separated,  which  may  be  facilitated  by 
blowing  on  to  the  edge  of  the  paper,  when  a  deeply  ribbed  cone 
will  be  produced,  consisting  everywhere  of  alternate  internal  and 
external  angles,  except  at  two  opposite  places  where  two  external 
angles  will  be  found  together,  between  each  of  which  a  subsequent 
fold  must  be  made,  so  as  to  produce  an  internal  angle  between 
them.  The  filter  is  now  completed,  and  when  gently  opened  out 
has  the  form  shown  in  fig.  16  b.  The  different  creases  should  be 
made  very  sharply  at  the  circumference,  but  indistinctly  at  the 
centre  of  the  paper,  for  fear  of  weakening  it  too  much. 

But  when  the  chief  object  of  filtration  is  to  collect  the  sus- 
pended matter,  most  usually  a  precipitate  especially  thrown 
down,  a  plain  filter  is  much  to  be  preferred.  A  piece  of  paper  is 
folded  into  halves  and  then  into  quarters,  when  it  will  have  the 
outline  of  an  isosceles  triangle,  with  two  straight  and  one  curved 
side  if  folded  from  a  circle,  or  with  three  straight  sides  if  folded 
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diagonally  from  a  square,  in  which  case  the  base  must  be  cut 
round,  as  shown  in  fig.  17  a.  The  filter  is  then  opened  out, 
leaving  three  thicknesses  on  one  side  and  one  thickness  on  the 
other,  so  as  to  form  a  smooth  cone  (fig.  1 7  b),  which  is  carefully 
fitted  into  a  funnel  in  such  a  manner  as  to  be  well  supported  all 
round.  The  funnel  should  be  rather  larger  than  the  filter,  so  as 
to  project  somewhat  beyond  it,  while  the  filter  itself  should  always 

Fig.  17. 


project  beyond  the  contained  liquid.  Where  it  is  necessary  to 
employ  a  double  filter,  the  two  should  be  folded  separately,  and 
so  arranged  in  the  funnel  that  the  three  thicknesses  of  the  one 
may  correspond  to  the  one  thickness  of  the  other.  The  outside 
filter  is  often  made  very  small,  so  as  merely  to  support  the 
bottom  of  the  other.  A  filter  should  always  be  wetted  before 
receiving  the  mixture  to  be  filtered.  This  is  necessary  in  order 
to  swell  the  paper  and  thereby  close  its  pores,  which  are  otherwise 
apt  to  become  choked  with  the  precipitate,  if  indeed  some  of  it 
be  not  carried  through  by  the  rapid  imbibition  which  at  first 
takes  place.  When  the  liquid  passes  through  the  paper  at  all 
turbid,  it  should  be  returned  once  or  twice  into  the  filter,  after 
which  it  will  generally  come  through  clear.  It  is  usually  advisable 
to  let  the  mixture  to  be  filtered  subside  a  little  before  beginning 
its  filtration,  The  comparatively  clear  liquid  is  then  poured  off 
into  the  filter,  and,  when  it  has  run  through,  the  thick  sediment 
added  separately.  The  interior  of  the  tube,  test-glass  or  beaker, 
which  contained  the  mixture,  is  next  to  be  washed  down  by  a 
small  forcible  stream  from  the  wash-bottle,  and  the  rinsings 
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Fig.  i 8. 


poured  on  to  the  deposit  left  in  the  filter  by  the  draining  away  of 
the  previously  added  liquid.  Lastly,  by  means  of  a  wash-bottle, 
any  deposit  extending  up  the  sides  of  the  filter  is  washed  down  to 
its  centre,  so  that  the  entire  precipi- 
tate may  be  collected  into  as  small  a 
bulk  as  possible,  for  further  treat- 
ment. It  is  often  necessary,  more- 
over, to  wash  a  precipitate  thoroughly, 
so  as  to  free  it  from  every  trace  of 
soluble  matter.  This  is  done  by 
projecting  water  upon  it  several  times 
by  means  of  the  wash-bottle,  and  al- 
lowing the  bulk  of  each  addition  to 
filter  away  before  repeating  the  pro- 
cess, until,  on  evaporating  down  a 
few  drops  of  the  filtered  washings, 
no  residue  whatever  is  left  upon  the 
slip  of  glass  or  platinum  foil.  The 
stream  of  water  must  not  be  too 
forcible,  for  fear  of  making  a  hole  in 
the  filter  or  causing  a  spurting  of  its 
contents.  Moreover,  in  pouring  into 

an  empty  filter,  the  liquid  should  be  directed  along  the  side  and 
not  immediately  upon  the  point  of  the  filter,  which  is  its  most 
unprotected  and  consequently  weakest  part ;  while  the  filtered 
liquid  if  received  in  a  wide  beaker  or  evaporating  dish,  should 
be  made  to  run  along  the  side  of  the  glass  or  dish,  so  as  to  avoid 
spurting.  Again,  in  pouring  from  one  vessel  into  another, — from 
a  beaker  or  wide-mouthed  flask  into  a  funnel  for  instance, — a 
glass  rod  should  be  applied  to  the  lip  of  the  flask  or  beaker,  as 
shown  in  fig.  1 8,  not  only  to  direct  the  course  of  the  liquid  into 
the  funnel,  but  also  to  prevent  any  of  it  being  spilt  by  running 
over  the  side  of  the  delivering  vessel.  This  running  of  liquid 
over  the  side  may  also  be  avoided  by  greasing  that  part  of  the 
lip  which  is  poured  from,  with  a  little  tallow  or  spermaceti 
ointment. 
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When  it  is  necessary  to  remove  a  wet  precipitate  from  the  filter 
on  which  it  has  been  collected,  the  well-drained  filter,  carefully 
removed  from  its  funnel,  may  be  spread  out  on  two  or  three  folds 
of  bibulous  paper  to  absorb  superfluous  moisture,  and  the  preci- 
pitate be  then  carefully  scraped  off  from  it  by  a  spatula  of  ivory, 
platinum,  or  steel ;  or  the  drained  filter  may  be  spread  out  on 
one  side  of  the  funnel,  and  its  contents  washed  quickly  down  by 
a  forcible  stream  from  the  wash  bottle ;  or,  by  means  of  a  glass 
rod,  a  hole  may  be  made  in  the  bottom  of  a  filter  in  situ,  and  its 
contents  washed  through  ;  or  the  precipitate  may  be  dissolved  off 
the  filter  by  causing  some  solvent,  usually  an  acid,  to  pass  through 
it  several  times,  preferably  at  a  boiling  temperature. 

Decantation  often  furnishes  a  ready  substitute  for  filtration  in 
cases  where  the  solid  part  of  a  mixture  has  subsided  to  the  bottom 
of  the  precipitating  glass.  The  speedy  and  complete  subsidence 
of  a  freshly  formed  precipitate  may  often  be  effected  by  violently 
shaking  up  the  mixture  for  a  few  minutes  in  a  closed  vessel,  when, 
after  standing  at  rest  for  a  little  while,  the  clear  supernatant  liquor 
may  be  poured  off  with  a  steady  hand,  or  be  withdrawn  by  a 
syphon  or  pipette.  In  using  a  pipette  great  care  must  be  taken 
not  to  allow  any  of  the  liquid  once  sucked  up  to  descend  again 
upon  the  sediment  so  as  to  disturb  it.  A  deposit  from  which  the 
supernatant  liquid  has  been  removed  by  some  form  of  decantation 
may  be  washed  by  pouring  water  on  to  it,  stirring  it  well  up,  and 
letting  it  again  subside  for  a  second  decantation,  and  so  on.  A 
thin  layer  of  liquid  overlying  a  deposit  may  often  be  sucked  up 
very  completely  by  a  coil  of  bibulous  paper,  introduced  with  care 
so  as  not  to  disturb  the  deposit. 

Syphons  and  pipettes  are  useful  not  only  for  separating  a  super- 
natant liquid  from  a  deposited  solid,  but  also  for  separating  two 
strata  of  different  liquids  from  one  another. 

(19.)  Apparatus  to  be  heated  over  the  several  burners  already 
described,  may,  according  to  its  nature,  be  supported  in  various 
ways.  It  may  rest  on  the  ring,  or  be  held  by  the  clamp,  of  a  re- 
tort-stand ;  or  an  independent  upright  clamp  or  tripod  stand  may 
be  employed.  The  tripod  is  often  replaced  with  advantage  by  a 
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Fig.  19. 


jacket  of  clay,  or  metal,  surrounding  the  burner,  and  so  prevent- 
ing draughts,  as  shown  in  fig.  19.     Iron  triangles  also  to  rest  on 
the  top  of  the  jacket,  tripod,  or  retort-ring,  are  in  constant  requi- 
sition.   A  triangle  of  iron  wire, 
sheathed  with  three  pieces  of 
tobacco-pipe,  is  useful  for  sup- 
porting small  porcelain  cruci- 
bles  that    have    to    be    made 
red-hot,  but  the  mass  of  the 
tobacco-pipe  interferes  with  the 
attainment  of  a  very  high  tem- 
perature.    Small    triangles   of 
platinum    wire     are  far  more 
convenient. 

Flasks  and  retorts  may  be 
heated  at  some  little  distance 
over  an  argand  flame  without 
the  interposition  of  any  me- 
dium. But  with  the  gauze 

burner,  and  more  particularly  with  the  Bunsen  burner,  it  is 
advisable  to  protect  the  bottom  of  the  vessel  by  a  piece  of  stout 
wire  gauze.  Beakers  should  be  placed  either  on  a  flat  iron  plate 
or  sand-bath,  and  the  heat  be  raised  cautiously.  Porcelain 
evaporating  dishes  may  be  heated  almost  anyhow,  according  to 
circumstances;  but  when  the  flame  touches  the  bottom  of  the 
dish  some  little  care  is  necessary,  both  at  the  commencement  of 
the  operation,  and  when  the  liquid  is  evaporated  nearly  to  dry- 
ness.  Watch-glasses  require  very  careful  lieating.  They  are 
best  held  by  the  thumb  and  finger  over  a  small  flame,  but 
may  be  supported  by  forceps,  wire-triangle,  or  special  watch- 
glass  holder.  When  containing  liquid,  to  be  heated  by  means 
of  a  sand-bath,  they  should  not  be  depressed  into,  but  just 
rest  on,  the  top  of  the  hot  sand.  Test  tubes  may  be  readily 
heated  in  the  flame  of  a  spirit  lamp  or  gauze-burner.  They 
should  be  held  between  the  thumb  and  fingers,  and  be  constantly 
shaken  from  side  to  side,  especially  during  boiling,  to  prevent  any 
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Fig.  20. 


sudden  expulsion  of  the  contained  liquid,  with  which  they  should 
not  be  more  than  half  filled.  When  the  boiling  has  to  be  long 
continued,  a  piece  of  paper  or  cloth  may  be  bound  or  twisted 

round  the  upper  part  of  the  tube,  so 
as  to  protect  the  fingers.  Test  tube 
holders  are  rarely  of  much  use. 

Small  capsules  and  crucibles,  of 
platinum  or  Berlin  ware,  may  be 
heated  to  redness  over  an  argand 
(fig.  20),  or  to  full  redness  over  a 
Bunsen  burner,  or  by  the  blowpipe 
flame.  They  may  be  held  either 
with  forceps  or  on  triangles  of  wire 
or  tobacco-pipe.  When  a  strong 
heat  is  required,  they  should  be 
surrounded  •  with  a  small  jacket  of 
metal  or  clay. 

Sand-baths  are  usually  formed  of  sheet  iron.     Some  are  made 
rather  deep  to  receive  flasks  and  retorts,  others  nearly  flat  for 

beakers.  The  sand,  which 
must  not  be  heaped  above 
the  level  of  the  liquid  to  be 
heated,  should  be  of  uni- 
form size  and  rather  coarse. 
An  iron  plate,  or  trellis  of 
thick  iron  wire,  forms  an 
excellent  substitute  for  a 
flat  sand-bath. 

The  water-bath  is  used 
for  heating  substances  to  a 
temperature  not  exceeding 
1 00°  C.  A  small  saucepan, 
with  an  evaporating  dish  for 
a  cover,  forms  a  capital 
makeshift.  The  saucepan  lid 
may  be  replaced  by  a  series  of  broad  rings  of  tin  plate,  having 


Fig.  21. 


EVAPORATION.  35 

apertures  of  different  sizes  to  support  small  evaporating  dishes 
(fig.  21),  capsules,  watch-glasses,  necks  of  flasks,  &c.  Beakers, 
flasks,  and  retorts,  to  be  heated  in  a  water-bath,  should  not  be 
allowed  to  touch  the  bottom  of  the  bath,  but  should  rest  on  a 
piece  of  tow  or  folded  cloth,  as  well  to  avoid  danger  from  bumping 
as  to  prevent  the  communication  of  an  increased  temperature  by 
contact  with  the  heated  metal.  , 

(20.)  Heat  is  applied  to  liquids  in  order  to  warm,  evaporate, 
boil,  or  distil  them.  Evaporations  are  performed  on  slips-  of  flat 
glass,  or  on  watch-glasses,  or  evaporating  dishes.  The  crystalline 
forms  of  various  salts  may  often,  be  recognised  by  dissolving  a 
grain  or  so  of  the  salt  in  a  drop  or  two  of  water  on  a  glass  slip,, 
evaporating  until  a  solid  margin  appears,  and  setting  aside  to 
crystallise.  The  residue  may  tken  be  examined  by  a  lens,  or- 
under  the  low  power  of  a  microscope.  The  evaporation,  of  a 
small  quantity  of  liquid,  contained  in  a  watch-glass  for  instance, 
may  often  be  promoted  by  gently  blowing  on  its  surface  for  a 
little  while.  A  dish  in  which  evaporation  is  taking  place  (fig.  19) 
may  be  loosely  covered  with  a  piece  of  filtering  paper,  stiffened 
by  a  glass  strip  passed  through  and  across  it ;  and  care  should 
be  taken  not  to  allow  the  liquid  to  boil.  In  evaporating  to  dry- 
ness,  it  is  well  to  have  the  heat  lowered  as  the  process  approaches, 
completion,  and  the  residue,  if  considerable,  kept  constantly 
stirred. 

Ebullition  is  conducted  on  a  small  scale  in  test  tubes,  and  oa 
a  larger  scale  in  flasks, — Florence  oil  flasks  being  among  the  best 
and  cheapest  that  can  be  employed.  A  flask  of  cold  liquid,  held 
over  a  naked  flame,  quickly  becomes  covered  with  a  deposit  of 
moisture,  which  it  is  advisable  to  wipe  off  once  or  twice.  Ebul- 
lition sometimes  takes  place  intermittingly,  and  with  considerable 
jerking  or  bumping.  This  may  often  be  prevented  by  introduc- 
ing a  coil  of  platinum  wire  or  piece  of  tobacco  pipe  into  the  liquid, 
either  before  boiling  or  after  cooling  down  a  degree  or  two.  If 
introduced  during  boiling,  it  is  apt  to  produce  a  violent  rush  of 
vapour.  It  is  occasionally  useful  to  adapt  a  long  upright  tube  to 
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Fig.  22. 


the  mouth  of  a  flask  (fig.  22)  in  which  a  liquid  has  been  heated, 

so  that  any  vapour  given  off  may 
be  condensed  in  the  tube,  and  flow 
back  again  into  the  flask. 

Distillation  is  usually  conducted 
in  an  apparatus  composed  of  a 
boiler,  condenser,  and  receiver. 
On  a  small  scale  the  boiler  is  re- 
presented by  a  glass  retort,  or 
flask  with  its  bent  tube,  the  re- 
ceiver by  a  test  tube,  flask  or 
bottle,  and  the  condenser  by  a 
long  glass  tube  placed  between  the 
retort  and  receiving  flask,  and  sur- 
rounded either  by  a  constantly 
changing  layer  of  water,  as  in  Lie- 
big's  condenser,  or  by  a  piece  of 
blotting-paper  kept  moist  by  the 
constant  dripping  of  water.  Very 
often  a  separate  condensing  tube 
is  dispensed  with,  and  the  long 
neck  either  of  the  retort  or  receiv- 
ing flask  alone  employed.  Fig. 
23  shows  a  very  simple  arrange- 
ment of  this  description.  The  liquid  is  boiled  in  a  long-necked 
retort,  and  the  distillate  conducted  by  means  of  a  bent  adapter 
into  an  upright  bottle.  A  twist  of  thoroughly  wetted  tow,  or 
lamp-cotton,  is  tied  somewhat  tightly  round  the  retort-neck,  at 
about  an  inch  above  the  point  where  it  enters  the  perforated 
cork  of  the  adapter,  and  the  ends  of  the  twist  allowed  to  hang 
down  for  two  or  three  inches.  A  piece  of  filtering  paper  of 
suitable  size  and  shape  to  embrace  almost  the  entire  circumference 
of  the  neck,  and  reach  from  just  above  the  twist  of  tow  almost 
to  the  curve  of  the  retort,  is  moistened  with  water,  laid  upon 
the  retort-neck  and  bent  round  it  so  as  to  adhere  closely.  A 
second  piece  of  filtering  paper  is  at  first  folded  by  means  of 
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three  creases  into  four  strips  and  then  placed  over  the  other,  so 
that  the  flaps  being  bent  down,  its  middle  portion  will  form  a 


small  channel  along  the  top  of  the  retort-neck.  It  should  be  about 
two-thirds  the  length  of  the  other,  and  not  reach  so  high  up.  By 
this  arrangement  the  water  constantly  dropping  out  of  a  partly 
plugged  funnel  from  the  height  of  half  an  inch  or  so  on  to  the 
surface  of  the  inner  paper,  at  a  little  distance  from  its  upper  ex- 
tremity, is  conveyed  along  the  channel,  spread  uniformly  over  the 
retort-neck  and  drained  away  by  the  twist  of  tow.  If  the  short 
length  of  neck  intervening  between  the  twist  and  adapter  be  dry 
at  the  beginning,  it  will  continue  so  throughout  the  experiment. 
For  further  security,  however,  it  may  be  marked  with  a  ring  of 
grease.  Adapters  are  of  all  shapes  and  sizes.  Such  a  one  as  that 
shown  in  the  woodcut  is  easily  made  out  of  a  piece  of  tubing  or 
broken  retort  neck.  Others,  intended  to  act  more  or  less  as 
condensers,  are  represented  in  fig.  24.  Another  convenient  form 
of  distilling  apparatus  is  shown  in  fig.  40.  The  boiler  consists 
of  a  round  flask,  from  which  a  long  wide  bent  tube  dips  through 
a  perforated  cork  into  a  Florence  flask  resting  in  a  basin  of  water . 
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The  cork  must  either  not  fit  tightly  or  have  a  slit  cut  in  it,  so  as 
to  permit  the  escape  of  any  uncondensed  vapour.  The  neck  and 
upper  surface  of  the  receiving  flask  should  be  surrounded  with 

Fig.  24. 


filtering  paper,  on  to  which  water  should  drop  from  a  funnel.  A 
bend  of  sheet  lead  may  be  placed  over  this  flask  so  as  to  sink  it 
in 'the  water. 

One  of  the  simplest  varieties  of  Liebig's  condenser  is  shown  in 


Fig.  25. 


figure  25.  It  is  merely  a  cylinder  of  tin-plate,  having  four 
slightly  conical  tubular  apertures — two  in  the  same  plane  with 
each  other  at  either  side  of  the  cylindrical  surface,  and  two  oppo- 
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site  each  other  in  the  terminal  circular  planes.  By  means  of 
well-fitting  perforated  corks  a  funnel  tube  of  tin-plate  or  glass  is 
inserted  into  the  distant  horizontal  aperture,  and  an  exit  tube  of 
tin  or  glass  into  the  other,  while  the  distilling  tube  extends 
through  the  axis  of  the  cylinder.  The  hot  contents  of  the  dis- 
tilling tube  pass  downwards,  becoming  colder  and  colder  in  their 
descent,  while  the  stream  of  cold  water  entering  the  condenser 
through  the  funnel  passes  upwards,  becoming  hotter  and  hotter 
in  its  ascent  until  it  escapes  at  the  overflow  pipe.  The  condenser 
may  be  fastened  to  a  retort-stand  with  string  or  wire,  as  in  the 
figure,  or  may  be  supported  by  a  clamp  of  some  kind.  Liebig's 
condensers  are  made  in  every  variety  of  form,  size,  material,  and 
construction, — some  of  them  being  provided  with  special  supports, 
which  allow  them  to  be  heightened  or  lowered  at  will,  and  placed 
at  any  desired  inclination. 

(21.)  Heat  is  applied  to  solids  in  order  to  warm,  dry,  ignite, 
fuse,  or  volatilise  them.  Any  tube,  flask,  or  retort,  the  interior 
of  which  cannot  be  reached  by  the  fingers,  should,  after  thorough 
cleaning,*  be  rinsed  once  or  twice  with  distilled  water,  and  then 
drained  as  dry  as  possible  by  means  of  draining  pegs  or  some 
other  mode  of  support.  It  should  next  be  warmed  carefully  over 
a  gas  flame  or  in  front  of  a  fire,  and  the  hot  moist  air  sucked  out 
of  it  from  time  to  time  by  the  aid  of  a  long  tube  reaching  into 
it  for  some  -p-i.  26. 

considerable 
distance,  as 
shown  in  fig. 
26.  Narrow 
glass  tubing  is 

*  There  is  seldom  much  difficulty  in  cleaning  laboratory  glass  from  any 
stain  or  dirtiness,  when  it  is  not  of  long  standing,  by  means  of  cold  or  hot 
water  and  dilute  or  strong  acids  or  alkalis,  aided  by.  extempore  brushes 
made  of  moist  tow  dipped  in  sand  and  fastened  on  to  thick  pieces  of  wire, 
or  by  tube-brushes  made  specially  for  the  purpose.  Flasks,  retorts,  &CM 
may  often  be  very  efficiently  cleaned  by  shaking  them  up  somewhat  vio- 
lently, after  the  introduction  of  a  little  water  and  a  few  pieces  of  soft  paper 
or  rag.  The  interior  of  narrow  glass  tubing  is  best  cleaned  by  pushing  a 
piece  of  moist  filtering  paper  through  it. 
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Fig.  27. 


dried  by  heating  some  length  of  it  over  a  gas  burner  or  spirit 
lamp,  and  simultaneously  sucking  air  through  it  with  the  mouth. 
In  the  absence  of  an  air-  or  water-oven,  reduction  tubes  and 
similar  small  pieces  of  apparatus  may  be  dried  by  heating  them 
on  a  sand-bath  standing  over  a  burner ;  or  preferably  on  a  flat 
iron  plate,  which  in  many  other  cases  also  may  be  advantageously 
substituted  for  a  sand-bath.  Moist  powders  of  various  kinds  may 
be  dried  on  a  water-bath,  or  sand-bath,  or  by  ignition  over  an 
argand  burner,  &c.,  according  to  circumstances.  A  washed  pre- 
cipitate retained  in  its  filter  and  funnel  may  often  be  quickly 

dried  by  supporting  the  fun- 
nel on  a  broken  beaker  or 
short  lamp -glass  standing 
upon  a  trellis  of  iron  wire, 
underneath  which  a  small 
gas-flame  is  kept  burning 
(fig.  27).  Or  the  filter  may 
be  supported  over  a  heated 
iron  plate  by  means  of  a 
small  tripod  -  stand,  easily 
made  out  of  copper -wire. 
When  nearly  dry,  the  filter 
with  its  contents  may  be  re- 
moved from  the  funnel  and 
placed  in  a  water-bath;  or 
the  washed  precipitate  and 
filter  may  be  removed  care- 
fully from  the  funnel,  pressed 
gently  between  folds  of  blotting-paper,  and  placed  at  once  in  the 
water -bath.  At  moderate  temperatures,  drying  over  oil  of  vitriol 
in  the  exhausted  receiver  of  an  air-pump  takes  place  with  con- 
siderable rapidity.  Moreover,  a  shallow  air-pump-jar  standing 
on  a  plate  of  ground  glass  over  a  dish  of  oil  of  vitriol  or  quick- 
lime, forms  a  very  convenient  chamber  in  which  all  sorts  of 
bodies  may  be  dried  and  kept  dry. 

Animal  solids  are  frequently  subjected  to  ignition  in  order  to 
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burn  off  their  organic,  and  leave  behind  their  mineral  matter,  or 
ash.     The  tissue,  &c.,  may  be  first  carbonised  in  small  portions 
at  a  time  in  a  thin  Berlin  capsule  or  crucible,  heated  over  a  gauze 
burner,  in  some  place  where  the  ernpyreumatic  vapour,  &c.,  can 
be  readily  got  rid  of.     The  resulting  charcoal  should  then  be 
pulverised,  and  the  powder  heated  steadily  for  some  hours  in  a 
shallow  platinum  capsule,  or  on  a  tray  of  platinum  foil,  supported 
over  an  argand  flame,  when  the  charcoal  will   gradually  burn 
away,   and  a  white  or  greyish  ash  be  left.     The   temperature 
should  never  exceed  that  of  dull  redness,  as  otherwise  the  ash, 
save  that  of  blood,  is  apt  to  fuse  over  the  remaining  charcoal,  and 
so  prevent  its  combustion.     The  operation  is  much  facilitated  by 
protecting  the  capsule  from  draughts,  and  particularly  by  placing 
over,  but  not  immediately  upon  it,  a  cover  of  thin  platinum  foil. 
Carbonate  of  sodium  and  other  fluxes  employed  in  testing,  are  often 
heated  to  dull  redness  over  an  argand  flame  just  before  being  used. 
Moreover,  in  quantitative  analysis,  filters  and  their  contained 
precipitates  have  constantly  to  be  burnt,  with  a  view  to  getting 
rid  of  the  filter-paper  and  leaving  the  precipitate  in  a  state  fit  for 
being  weighed.     The  ignitions   made   on  charcoal  or  platinum 
wire  in  the  course  of  blowpipe  testing  will  be  presently  described. 
Independently  of  the  many  fusions  made  in  the  course  of  blow- 
pipe testing,  others  on  a  somewhat  larger,  though  still  very  small 
scale,  have  occasionally  to  be  performed  by  the  student.     There 
are,  for  instance,  a  few  substances  which  require  to  be  fused  with 
carbonate  of  sodium  or  potassium,  either  alone  or  mixed  with 
some  other  reagent,  before  they  can  be  brought  into  a  state  of 
solution,  and  so  identified  by  ordinary  analytical  processes.     The 
insoluble  substance  is  usually  incorporated  with    three  or  four 
times  its  bulk  of  a  mixture  of  carbonate  of  sodium  with  carbonate 
of  potassium,  or  in  some  cases  with  either  the  nitrate  or  cyanide  of 
potassium,  and  heated  to  thorough  fusion  over  a  Bunsen  or  blow- 
pipe flame,  in  a  platinum  or  porcelain  capsule,  or  in  a  small  iron 
spoon.     In  making  these  fusions,  it  is  most  important  that  both 
the  substance  and  flux  be  well  dried,  very  finely  powdered,  and 
intimately  commixed.     The  capsule  or  crucible  should  be  heated 
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at  first  very  gradually,  but  ultimately  to  the  highest  attainable 
temperature. 

The  only  volatilisations  which  the  student  will  be  called  upon 
to  perform  are  made  in  narrow  glass  tubes, — open  at  both  ends 
when  a  current  of  air  is  required  to  act  upon  the  heated  sub- 
stance, or  open  at  one  end  only  when  a  simple  sublimation  is 
intended.  Powdered  substances  of  various  kinds  may  be  intro- 
duced into  narrow  tubes  open  at  both  ends,  by  first  placing  a 
suitable  quantity  of  the  powder  in  a  gutter  of  stiff  glazed  paper, 
pushing  this  gutter  with  its  contents  into  the  tube  held  hori- 
zontally, then  inverting  the  tube  and  gutter,  and,  lastly,  with- 
drawing the  gutter  while  still  inverted.  The  same  method  may 
sometimes  be  used  with  closed  subliming  tubes,  so  as  to  avoid 
soiling  their  interiors,  but  is  unnecessary  when  both  substance 
and  tube  are  thoroughly  dry.  The  tube,  whether  open  or  closed 
at  one  end,  should  be  made  of  hard  glass,  and  be  heated  in  the 
flame  of  a  spirit  lamp  or  Bunsen  burner. 

(22.)  Although  quantitative  analysis  does  not  come  within  the 
scope  of  this  work,  yet  a  few  words  on  weighing  and  measuring 
may  not  form  an  inappropriate  addition  to  the  foregoing  remarks 
on  chemical  manipulation.  The  general  adoption  of  the  French 
metrical  system,  of  which  the  gramme  is  the  unit  of  weight,  and 
the  cubic  centimetre  or  bulk  of  a  gramme  of  water  at  its  greatest 
density  the  most  usual  unit  of  measure,  is  highly  desirable  ;  but 
in  default  of  this,  the  English  decimal  system,  of  which  the 
standard  grain  is  the  unit  of  weight,  and  the  bulk  of  a  grain  of 
water,  at  62°  F.,  the  unit  of  measure,  may  be  employed.  In  the 
chemical  laboratory  we  dispense  altogether  with  the  use  of 
ounces,  drams,  &c.,  and  speak  only  of  so  many  grammes  and 
cubic  centimetres,  or  grains  and  grain-measures.  Mr.  Griffin 
takes  the  bulk  of  seven  grains  of  water  as  his  unit  of  measure, 
which  he  terms  a  septem,  so  that  1000  septems  are  equal  to  one 
decigallon,  or  to  the  bulk  of  a  pound  of  water.  The  use  of  this 
decimal  division  of  the  gallon  is  often  very  convenient,  and  quite 
compatible  with  that  of  the  grain-measure,  the  septem  and  grain- 
measure  standing  to  one  another  in  the  simple  relation  of  7  to  I, 
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as  shown  in  the  following  table.     The  figures  with  a  dot  over 
them  are  inexact. 


Decigallong 

Septems 

Grain-measures 

Gallon                     .... 

10,000 
1,000 

2,500 
1,250 
62-5 

62,32! 
36-065 

2,204-6 

2-2 

70,000 
7,000 

17,500 
8,750 
437*5 

436,247-4 
252-458 

i5,432'6 
*5'4 

Decigallon  or  pound    .     .     . 
Quart                  

2-50 
1-25 
-0625 

62-321 
2-204 

Pint                          .... 

Cubic  foot      ...... 

Cubic  inch                              . 

Litre    ......     ^^'- 

Cubic  centimetre     .     .     *•;%'- 

Fig.  28. 


One  litre,  or  kilogramme  of  water-measure,  equals  I  "j6  pints, 
or  6 1 '027  cubic  inches.  One  cubic  centimetre,  or  gramme  of 
water-measure,  equals  *o6i  cubic  inch. 

One  decigallon  or  pound  of  water-measure  equals  '4535;  litre, 
or  453'$   cubic  centimetres,  or  0*0160  cubic 
foot,  or  27727  cubic  inches,  or  16  fluid  ounces. 

Some  measures  are  made  to  contain  or  deliver 
a  definite  quantity  of  liquid.  Others  are  gra- 
duated so  that  any  indefinite  quantity  delivered 
may  be  afterwards  read  off.  A  flat-bottomed 
and  somewhat  narrow-necked  flask,  having  a 
horizontal  scratch  across  its  neck  marking  the 
height  to  which  it  should  be  filled,  forms  a 
very  convenient  measure  of  the  former  kind 
(fig.  28).  It  is  easy  to  select  a  couple  of  such 
flasks,  which  shall  measure  either  a  deci- 
gallon and  half-decigallon  respectively,  or  a 
litre  and  half-litre,  &e.,  &c.  A  pipette  of  the  form  shown  in  fig.  29 
is  also  a  very  useful  instrument  of  this  class.  It  is  filled  by  care- 
fully sucking  up  liquid  to  a  level  somewhat  above  the  mark  on  its 
stem,  and  quickly  closing  its  upper  orifice  by  the  finger.  Then  by 
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relaxing  the  pressure  of  the  finger,  the  contained  liquid  is  allowed 
to  issue  drop  by  drop  until  its  height  corresponds  exactly  with  the 
scratch,  when  the  finger  is  again  pressed 
down ;  after  which,  on  removing  the  Fig-  3°- 
finger,  the  measured  quantity  of  liquid 
is  allowed  to  flow  out.  A  pipette  of  this 
kind  is  so  constructed  that  when  filled 
up  to  the  mark  on  its  stem  it  delivers 
exactly  the  indicated  quantity  of  liquid, 
irrespective  of  what  adheres  to  the  inte- 
rior of  its  elongated  bulb.  The  last  drop 
should  be  gently  blown  out  while  the 
point  of  the  pipette  is  in  contact  with 
the  inside  of  the  receiving  vessel.  It  is 
well  to  have  a  couple  of  such  pipettes 
delivering  either  100  septems  and  10 
septems,  or  50  and  5  cubic  centimetres 
respectively.  For  measuring  indefinite 
quantities  a  tall  narrow  cylinder  (fig.  30), 
graduated  into  divisions  of  10  septems, 
or  5  c.  c.  each,  is  most  convenient.  The 
ordinary  ounce  measures  of  the  apothe- 
cary are  very  unsatisfactory  instruments. 
Their  graduation  is  seldom  accurate  and 
always  difficult  to  read  off  exactly,  on 
account  of  the  expanded  conical  form  of  the  glass. 
Where  smaller  quantities  have  to  be  delivered  and 
their  volumes  afterwards  noticed,  a  Bink's  burette  or  a 
graduated  straight  pipette  may  be  employed.  The 
burette  (fig.  3 1  a)  should  be  held  near  its  upper  end, 
with  its  mouth  guarded  by  the  thumb  or  forefinger,  and 
its  beak  pointed  not  directly  but  obliquely  downwards, 
so  that  the  'side  of  the  beak  may  be  inclined  to  the 
horizontal  plane  at  a  somewhat  acute  angle.  The 
orifice  of  the  beak  should  be  well  greased  with  tallow 
or  spermaceti  ointment,  and  any  liquid  remaining  in  it  be  sucked 
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Fig.  31, 


a 


•down,  both  at  the  beginning  and  end  of  the  experiment.  More- 
over, the  burette  must  always  be  allowed  to  stand  at  rest  for  a 
minute  or  two  before  observing  the 
height  of  the  contained  liquid.  The 
graduation  should  be  from  above  to 
below,  as  in  the  woodcut. 

The  graduated  pipette  (fig.  31  b)  is 
filled  by  suction,  the  contained  liquid 
adjusted  to  a  proper  height,  the  quan- 
tity required  allowed  to  flow  out,  and 
the  level  of  the  remainder  finally  read 
off.  Inasmuch  as  the  conical  extremity 
of  this  kind  of  pipette  rarely  delivers 
its  contents  exactly,  it  is  better  not  to 
have  it  included  in  the  graduation. 
Whether  the  graduation  of  the  pipette 
is  from  above  to  below,  or  from  below 
to  above,  does  not  much  matter;  for 
some  purposes  the  one,  and  for  some 
purposes  the  other  mode  being  most 
convenient. 

In  reading  off  the  height  of  a  liquid 
its  upper  surface  should  be  brought  as 
nearly  as  possible  to  a  level  with  the 
eye.  This  surface  in  most  liquids  con- 
tained in  glass  vessels,  will  be  found 
more  or  less  deeply  concave  according 

to  the  diametric  smallness  of  the  column,  &c. ;  but,  in  all  cases, 
the  bottom  of  the  curve  is  taken  as  the  true  level,  and,  in  mea- 
suring definite  quantities,  must  be  made  to  coincide  exactly  with 
the  mark.  By  right  all  measurements  should  be  taken  at 
mean  temperature,  namely,  I5'5°  C.  (60°  F.),  but  the  expansions 
and  contractions  of  aqueous  liquids  within  the  ordinary  ranges 
of  temperature  are  so  slight  that,  in  most  cases,  they  may  be 
safely  disregarded. 

A  pair  of  the  best  description  of  dispensing  scales  suspended 
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from  a  fixed  support  makes  a  very  useful  balance  for  ordinary 
work.  A  set  of  accurate  grain  weights  ranging  from  0*05,  or  0*1 
grain  to  1000  grains  should  be  provided,  and  also  a  supplementary 
short  pan  for  taking  specific  gravities.  The  beam  should  turn 
freely  by  an  addition  of  o'  i  grain,  even  when  the  pans  are  each 
loaded  with  a  weight  of  twelve  or  fifteen  hundred  grains.  It  is 
well  to  employ  habitually  the  left-hand  pan  for  the  substance, 
and  the  right-hand  pan  for  the  weights,  which  should  be  always 
handled  by  pincers,  and  not  by  the  fingers.  It  is  sometimes 
necessary  to  weigh  out  definite  quantities  of  a  substance  such  as 
20,  50,  or  100  grains;  but  it  is  better  in  most  cases  to  take  an 
indefinite  quantity  and  then  ascertain  its  weight,  exactly  as  in 
weighing  any  particular  specimen,  the  resultant  of  an  experiment 
for  instance.  When  taking  the  weight  of  an  indefinite  quantity, 
much  time  will  be  saved  by  trying  the  weights  not  at  random 
but  in  a  definite  order,  always  taking  in  succession  the  weight 
next  above  or  below  in  the  series  that  particular  weight  which 
was  last  found  too  little  or  too  much. 

It  is  convenient  to  provide  counterpoises  of  sheet  lead  for 
balancing  exactly  the  several  watch-glasses,  capsules,  crucibles, 
bottles,  &c.,  used  for  retaining  a  substance  while  being  weighed  ; 
or  their  respective  weights  may  be  ascertained  and  scratched  upon 
them.  When  a  definite  quantity  of  substance  has  to  be  transferred 
from  the  watch-glass  or  capsule  on  which  it  has  been  weighed 
into  some  other  vessel,  the  frequently  adhering  residue  may  be 
washed  off  by  a  jet  of  water,  or  be  gently  brushed  off  by  a 
camel' s-hair  pencil.  But  where  an  indefinite  quantity  has  been 
taken,  it  is  better  to  reweigh  the  watch-glass  or  capsule  and  to  sub- 
tract the  weight  of  adhering  residue  from  the  original  weight  of 
substance.  Or,  what  comes  to  the  same  thing,  some  portion  of  a 
weighed  quantity  may  be  transferred,  and  its  amount  ascertained 
by  noticing  the  loss  sustained  by  the  originally  weighed  quantity. 

Substances  to  be  accurately  weighed  must  always  be  first 
brought  to  an  uniform  condition  of  dry  ness,  inasmuch  as  a  greater 
or  less  degree  of  dryness  may  cause  considerable  variation  in  the 
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weight  of  a  body  at  different  times.  The  substance  may  be  dried 
in  vacuo  over  oil  of  vitriol,  or  in  a  water-bath,  and  its  weight 
determined  from  time  to  time  until  it  becomss  constant ;  or,  in 
some  cases,  the  substance  may  be  heated  at  once  to  dull  redness 
and  then  weighed, — not,  however,  until  thoroughly  cooled,  as  by 
resting  the  containing  crucible  on  a  piece  of  metal,  for  instance, 
otherwise  an  ascending  current  of  heated  air  will  be  set  up, 
which  will  diminish  its  apparent  weight  appreciably.  Hygro- 
metric  substances  must  be  weighed  in  covered  crucibles,  or 
between  a  pair  of  ground  watch-glasses  held  together  by  a  clip, 
or  in  stoppered  bottles  made  expressly  for  the  purpose,  or  in  short 
wide  test  tubes.  They  may  be  cooled  under  a  glass  jar  standing 
over  oil  of  vitriol. 

(23.)  By  specific  gravity  is  understood  the  weight  of  a  unit  of 
volume,  or,  what  comes  to  the  same  thing,  the  comparative  weights 
of  equal  bulks  of  different  bodies.  In  this  country  water  at  the 
temperature  of  I5'5°  C.  (60°  F.)  is  taken  as  the  standard  to  which 
the  specific  gravities  of  liquids  and  solids  are  usually  referred, 
and  its  sp.  gr.  considered  either  as  I  'o  or  I  ooo  according  to  cir- 
cumstances. 

In  order  to  determine  the  specific  gravity  of  a  liquid,  a  small 
flask  or  bottle  of  known  weight  is  selected,  which,  when  accu- 
rately filled  to  a  certain  point,  contains  a  known  weight  of  pure 
water  at  I5'5°.  This  flask  is  filled  with  the  liquid  whose  sp.  gr. 
is  required,  and  weighed,  when,  after  deducting  the  known  weight 
of  the  flask,  the  residuary  weight  of  contained  liquid  is  compared 
with  the  known  weight  of  the  same  bulk  of  water,  according  to 
the  proportion : 

Wt.  of  water  W'  '.  wt.  of  liquid  W::  sp.  gr.  of  water  :  sp.  gr.  of  liquid; 

that  is,  according  to  the  equation, 

_ ,.     . ,     Wx  1000 
Sp.  gr.  of  liquid  =  • — yp- — . 

Thus,  supposing  the  flask  to  be  what  is  called  a  five-hundred 
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grain  flask,  but  to  contain  in  reality  4997  grains  of  water,  and 
say  459 '8  grains  of  proof  spirit,  then  the  sp.  gr.  of  the  spirit 
459800 

wiibe-^^9*,. 

Specific  gravity  flasks  or  bottles  are  made  of  various  shapes, 
one  of  the  most  convenient  being  that  employed  by  Regnault  and 
shown  in  fig.  32  a,  for  which,  however,  any  flat-bottomed  narrow- 
necked  flask  may 
be  substituted.  It 
is  to  be  filled  up 
to  the  mark  on  its 
neck  with  the  li- 
quid, previously 
brought  to  the 
temperature  of 
15*5°  by  immer- 
sion in  cooled  or 
warmed  water,  and 
weighed.  For  tak- 
ing the  specific 
gravities  of  very 
volatile  liquids 

this  kind  of  flask  is  provided  with  a  solid  stopper.  The  most 
usual  form  of  sp.  gr.  flask  is  shown  in  fig.  32  b ;  when  used,  it  is 
nearly  filled  with  the  liquid  to  be  examined,  a  tube  thermometer 
introduced,  and  the  whole  placed  in  a  vessel  of  cooled  or  warmed 
water  until  the  contained  liquid  has  acquired  a  temperature  of 
1 5' 5°.  The  thermometer  is  then  removed,  and  the  flask  filled 
to  the  brim  with  more  of  the  liquid  previously  brought  to  mean 
temperature,  the  perforated  stopper  inserted,  whereby  the  excess 
of  liquid  is  thrust  out,  and  the  exterior  of  the  flask  thoroughly 
dried  with  a  cloth,  care  being  taken  to  avoid  any  communica- 
tion of  heat  from  the  hand  or  elsewhere.  As  a  rule  sp.  gr.  flasks 
should  be  made  perfectly  dry  before  being  filled,  and  by  preference 
be  rinsed  out  with  some  of  the  liquid  under  examination. 
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The  hydrometer  (fig.  33)  is  useful  for  taking  the  specific  gravi- 
ties of  different  liquids,  where  rapidity  rather  than  accuracy  ot 
determination  is  required.  It  is  merely  an  upright  float,  weighted 
below,  and  having  a  narrow  graduated  stem  above^  so  as  to  sink 
to  a  greater  or  less  extent  in  liquids  of  different  densities. 
Inasmuch  as  the  bulk  of  any  liquid  displaced 
by  a  floating  body  is  equal  in  weight  to  the 
floating  body,  it  is  obvious  that  equal  weights  of 
different  liquids  will  differ  in  volume  according 
to  the  depth  to  which  the  hydrometer  sinks  in 
them;  or,  in  other  words,  the  heights  to  which 
different  liquids  rise  on  the  stem  will  be  inversely 
as  their  specific  gravities.  Some  hydrometers, 
those  used  in  the  examination  of  urine,  for  in- 
stance, are  so  graduated  that  their  degrees  exprets- 
the  specific  gravities  directly.  But  in  commerce- 
various  artificial  scales  are  preferred,  that  of 
Twaddell  in  particular  being  very  generally  used 
in  this  country.  The  degree  of  gravity  marked 
on  Twaddell's  scale  has  to  be  multiplied  by  5;, 
and  the  product  added  to  iooo,  to  give  the  actual 
specific  gravity. 

The  most  usual  method  of  taking  the  specific 
gravity  of  a  solid  body  heavier  than  water,  con- 
sists in  weighing  it  first  in  air,  or  theoretically 
in  a  vacuum,  and  afterwards  in  pure  water  at 
15-5,  when  the  ratio  of  the  difference  in  the 
weighings  to  the  weight  in  air  will  give  the  sp. 
gr.,  according  to  the  proportion  : 

Dif.inwgs.  W—  W  :  wt.inair  JF::  sp.  gr.  of  water  :  sp.  gr.  of  solid 


that  is,  according  to  the  equation 


For  by  a  well-known  principle  in  hydrostatics,  the  apparent  loss 

E 
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of  weight  which  a  body  experiences  when  immersed  in  a  liquid 
is  identical  with  the  weight  of  an  equal  bulk  of  that  liquid.* 

In  order  to  weigh  a  solid  body  in  water  it  must  be  attached  by 
a  horse-hair  to  the  hook  of  the  sp.  gr.  pan,  as  shown  in  fig.  34, 
f  and  have  its  surface  thoroughly  wetted 

with  a  soft  brush,  so  that,  when  immersed 
in  the  water,  there  shall  be  no  adhering 
air  bubbles.  When  the  solid  is  soluble 
in  water  it  must  be  immersed  in  alcohol, 
petroleum,  or  some  other  liquid  of  which 
the  specific  gravity  has  been  previously 
ascertained,  and  the  calculation  made  as 
before,  substituting  the  sp.  gr.  of  the 
liquid  employed  for  the  sp.  gr.  of  water. 
When  the  solid  is  lighter  than  water  it 
must,  after  its  weight  in  air  has  been 
taken,  be  attached  to  some  heavy  body 
sufficient  to  sink  it,  a  piece  of  lead,  for 
instance,  and  the  weight  of  the  solid 
and  piece  of  lead  in  water  and  of  the  piece  of  lead  alone  in 
water  ascertained.  The  weight  of  the  volume  of  water  displaced 
by  the  light  solid  will  equal  the  weight  of  the  light  solid  in 
air  Wj  plus  the  buoyancy  it  imparts  to  the  immersed  lead,  as 
measured  by  the  difference  between  the  weight  of  the  lead  in 
water  w,  and  the  conjoint  weight  of  the  lead  and  light  body  in 
water  wf.  Hence  we  have  the  proportion  : 

Wt.  of  water  W+  w—uf  '.  wt.  of  solid  W  : :  sp.  gr.  of  water  :  sp.  gr.  of  solid ; 
or  the  equation  : 

Sp.  gr.  of  light  solid  =- 


*  Kelying  on  this  principle,  the  specific  gravities  of  different  liquids 
may  be  ascertained  by  immersing  some  solid  of  known  weight  in  each  of 
them,  and  comparing  the  losses  in  weight  which  it  experiences  by  the 
upward  pressures  of  the  different  liquids,  equal  in  each  instance  to  the 
weight  of  the  bulk  of  liquid  displaced  by  it. 
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When  the  substance  to  be  examined  is  in  the  pulverulent  state, 
its  specific  gravity  may  be  ascertained  by  means  of  a  sp,  gr.  flask. 
A  quantity  of  the  powder  is  introduced  into  the  flask  and  weighed. 
It  is  then  thoroughly  wetted  with  water  or  some  other  liquid,  of 
which  a  further  quantity  is  afterwards  added,  so  as  to  fill  up  the 
flask  to  the  mark  on  its  neck ;  when  the  weighing  is  repeated. 
The  difference  between  the  weight  of  liquid  which  the  flask 
ordinarily  holds,  and  the  weight  of  liquid  added  to  fill  up  the 
flask  after  the  introduction  of  the  dry  powder,  gives  the  weight 
of  the  bulk  of  liquid  displaced  by  the  powder,  the  ratio  of  which 
to  the  weight  of  the  powder  gives  the  specific  gravity. 
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CHAPTER  II. 
ANALYTICAL   CHEMISTKY. 

(24.)  THE  object  of  this  part  of  the  course  is  to  make  the  student 
practically  acquainted  with  the  chemical  properties  of  such 
bodies  as  are  of  the  most  importance,  and  of  the  most  common 
occurrence. 

Of  all  chemical  compounds,  those  known  as  salts  will  most 
frequently  present  themselves  to  his  notice. 

Sulphate  of  iron  and  chloride  of  sodium  may  be  taken  as  the 
types  of  simple  salts.  The  sulphuric  acid  and  chlorine  are 
termed  the  electro -negative  or  acid  constituents,  or,  more  shortly, 
the  acids ;  the  iron  and  sodium  the  electro-positive  or  basic  con- 
stituents, or,  more  shortly,  the  bases. 

In  testing  the  substances  distributed  for  examination,  each  of 
which  should  contain  but  one  basic  and  one  acid  constituent,  the 
student  may  first  of  all  confine  himself  to  the  bases ;  subse- 
quently he  must  examine  both  for  bases  and  acids.  He  will  have 
to  pursue  the  following  course  of  operations  : — 

I.  To    examine    the    dry    substance    before    the    blowpipe. 
(Pars.  25  and  26.) 

II.  To  make  a  solution  of  the  substance  in  water   or   acid. 
(Pars.  27  and  28.) 

III.  To  ascertain  to  which  group  the  base  of  his  substance 
belongs.     (Pars.  30,  35,  and  41,) 

IV.  To   identify  the   particular   member   of  the  group  with 
which  he  IB  dealing.     (Tables  I.  II.  and  III.) 
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V.  To  realise  the  special  reactions  described  under  the  head  of 
his  particular  base. 

VI.  To  identify  the  acid  constituent  of  his  substance.    (Tables 
IV.  and  V.) 

VII.  To  realise  the  special  reactions  described  under  the  head 
of  his  particular  acid. 

As  regards  V.  and  VII.,  the  student  must  remember  that  the 
simple  discovery  of  the  base  and  acid  of  his  salt  is  of  much  less 
importance  than  the  thorough  verification  of  all  their  described 
properties. 


§  I.— BLOWPIPE  EXAMINATION. 

(25.)  A  small  shallow  hole  having  been  made  on  a  piece  of 
charcoal,  the  student  should  put  into  it  a  little  of  the  substance 
under  examination,  a  piece  about  the  size  of  a  mustard-seed,  for 
instance,  or  as  much  powder  as  will  rest  on  the  point  of  a 
penknife.  He  must  then  heat  the  substance  on  its  charcoal 
support  before  the  blowpipe,  and  notice  what  effects,  if  any, 
are  produced.  It  is  often  advisable  to  moisten  a  pulverulent 
substance  with  water  before  submitting  it  to  the  blowpipe  flame, 
so  as  to  make  it  cohere  and  remain  on  the  charcoal.  The  sub- 
stance may  also  be  heated  with  advantage  in  a  subliming  tube 
open  at  both  ends ;  whereby  corroborative,  and  sometimes  even 
primary,  evidence  of  its  composition  is  obtainable,  especially  when 
it  happens  to  be  wholly  or  partly  volatile.  In  this  way  ammoniacal 
and  sulphurous  acid  gases  may  be  recognised  by  their  respective 
smells ;  deposits  of  acid  or  alkaline  water,  by  their  reaction  to 
test-paper;  and  sublimates  of  sulphur,  arsenic,  mercury,  and 
ammonium-salts,  by  their  appearance  and  behaviour. 

The  following  are  the  most  important  general  effects  observ- 
able upon  heating  a  substance  on  charcoal  before  the  blowpipe. 

AH  hydrated  salts  give  off  their  water  of  crystallisation,  some 
with  intumescence,  as  borax;  others  with  decrepitation,  as 
gypsum.  Many  anhydrous  salts  also,  as  chloride  of  sodium, 
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for  instance,  decrepitate  from  the  expulsion  of  water  retained 
mechanically  within  their  crystals.  Most  hydrated  salts,  when 
first  heated,  fuse  in  their  water  of  crystallisation,  and  then  solidify, 
whether  or  not  susceptible  of  again  fusing  at  a  higher  tempera- 
ture, (vide  par.  26). 

Most  compounds  of  the  heavy  metals  become  darker  when 
heated,  either  permanently  through  decomposition,  or  temporarily 
through  some  altered  relation  to  light.  Zinc  compounds  acquire 
a  deep  greenish-yellow  by  the  action  of  heat,  and  peroxide  of 
tin  a  pale  brownish -yellow. 

Certain  metallic  compounds,  more  especially  those  of  silver, 
lead,  and  bismuth,  are  quickly  brought  to  the  metallic  state 
when  heated  on  charcoal  in  the  reducing  blowpipe  flame,  (vide 
par.  26). 

Some  substances,  whether  or  not  inflammable,  leave  a  black 
carbonaceous  residue,  capable  of  being  burnt  away  by  prolonged 
ignition.  This  charring  indicates  the  presence  of  organic  matter, 
— an  organic  acid  or  base,  for  instance,  either  free  or  in  com- 
bination. 

Many  bodies  evolve  a  more  or  less  marked  smell  when  heated. 
Thus  sulphur  and  many  sulphides  give  off  sulphurous  anhydride. 
Tartaric  and  benzoic  acids,  and  their  respective  salts,  evolve 
characteristic  empyreuinatic  odours.  The  fixed  organic  bases, 
and  some  salts  of  ammonia  and  organic  bases,  give  offammoniacal 
vapour ;  while  arsenic  compounds,  when  in  contact  with  ignited 
charcoal,  give  rise  to  a  peculiar  garlic-like  smell. 

Sometimes  the  heated  substance  volatilises  wholly  or  in 
great  measure,  usually  with  evolution  of  visible  fumes,  (vide 
par.  26). 

In  a  few  cases  the  red-hot  charcoal  undergoes  a  rapid  com- 
bustion where  it  comes  in  contact  with  the  heated  compound. 
This  deflagration  indicates  the  probable  presence  of  a  nitrate  or 
chlorate. 

(26.)  As  regards  their  more  special  behaviour  before  the 
blowpipe,  metallic  compounds  may  be  classified  into  those  which 
are  volatile  (a),  those  which  leave  a  white  permanently  fusible 
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residue  (/3),  those  which  leave  a  white ,  infusible  residue  (y), 
those  which  are  reducible  to  the  metallic  state  (3),  and  those 
which  give  a  colouration  to  the  borax  bead  (e),  as  shown  in  the 
following  scheme  : — 
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a.  The  ordinary  compounds  of  ammonium  and  mercury 
are  readily  volatile.  Phosphate  of  ammonium,  however,  leaves 
a  fused  residue  of  phosphoric  acid,  which  requires  a  strong 
heat  for  its  dissipation.  The  oxides  and  sulphides  of  arsenic 
also  are  readily  volatile ;  the  teroxide  of  antimony  somewhat 
less  so.  Oxalic  acid  melts  and  effervesces  during  its  disappear- 
ance without  furnishing  much  incrustation.  The  compounds  of 
mercury,  arsenic,  and  antimony,  and  many  ammonium- salts, 
deposit  incrustations  or  sublimates  upon  the  cold  part  of  the 
charcoal.  Similar  sublimates  are  procurable  by  heating  the  sub- 
stance in  a  sealed  or  open  subliming  tube. 

The  various  bodies  which  volatilise  when  heated  on  charcoal 
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may  often  be  satisfactorily  identified  by  a  few  rough  tests,  such 
as  the  following  : — 

Ammonium  salts,  when  warmed  with  potash,  evolve  ammonia, 
recognisable  by  its  odour  and  alkaline  reaction.  Mercury 
salts,  save  the  black  and  red  sulphide,  are  turned  black  by 
sulphide  of  ammonium.  Mixed  with  a  large  excess  of  car- 
bonate of  sodium,  and  heated  in  a  reduction  tube,  they  afford 
a  sublimate  of  mercurial  globules.  The  oxides  (white)  and 
sulphides  (orange  or  yellow)  of  arsenic  dissolve  in  sulphide  of 
ammonium  to  form  a  yellowish  liquid,  which  on  evaporation  to 
dryaess  leaves  a  bright  yellow  residue.  Mixed  with  soda-flux, 
and  heated  in  a  reduction  tube,  they  furnish  sublimed  crusts 
of  metallic  arsenic.  Teroxide  of  antimony  dissolves  in  sul- 
phide of  ammonium,  and  the  liquid,  when  evaporated  down, 
leaves  a  deep  orange  residue.  It  is,  moreover,  easily  reducible 
before  the  blowpipe  (5).  Oxalic  acid,  when  moistened  with 
water,  manifests  a  strongly  acid  reaction,  and  effervesces  with 
peroxide  of  manganese. 

/3.  The  ordinary  salts  of  sodium  and  potassium  fuse  at 
a  red  heat,  many  of  them  into  almost  watery  liquids,  which  are 
absorbed  by  the  porous  charcoal.  During  their  ignition,  the  salts 
of  sodium  impart  a  bright  yellow,  and  those  of  potassium  a  violet 
colouration  to  the  blowpipe  flame.  These  colours  are  best  seen  by 
taking  up  a  minute  quantity  of  the  salt  upon  the  end  of  a  platinum 
wire,  and  heating  it  at  the  point  of  the  blowpipe  flame.  When 
a  potassium  salt  is  contaminated  with  even  a  small  proportion  of 
any  sodium  salt,  the  violet  colour  of  its  flame  is  liable  to  be 
concealed  by  the  strong  yellow  colour  which  the  sodium  salt 
produces.  But  the  proper  potassium  colour  may  be  readily  seen 
by  looking  at  the  flame  through  a  piece  of  smalt  glass,  which  cuts 
off  the  yellow  sodium  rays. 

Unlike  most  salts  of  the  alkaline  earth-metals,  the  chlorides  of 
calcium,  strontium,  and  barium  are  fusible  in  the  blowpipe 
flame.  That  of  calcium  fuses  very  readily,  but  the  other  two 
chlorides  are  much  less  readily  fusible  than  are  the  majority  of 
sodium  and  potassium  salts.  When  strongly  ignited  on  fine 
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platinum  wire,  chloride  of  barium  imparts  to  the  blowpipe  flame 
a  marked  apple  green,  chloride  of  strontium  a  deep  crimson,  and 
chloride  of  calcium  an  orange-red  colour.  The  platinum  wire 
used  for  testing  by  the  blowpipe  flame  should  be  moderately 
thin,  to  allow  of  its  being  strongly  heated.  It  may  be  held 
directly  in  the  fingers,  platinum  being  a  bad  conductor  of  heat. 
Should  the  end  to  be  used  impart  any  colour  to  the  flame,  from 
contamination  either  with  soda,  derived  from  the  perspiration  of 
the  fingers,  or  with  the  residues  of  former  experiments,  it  must 
be  alternately  dipped  in  hydrochloric  acid,  and  strongly  heated 
in  the  blowpipe  flame  until  all  colouration  ceases  to  appear. 

The  chlorides  of  the  alkaline  earth-metals,  and  most  salts 
of  the  alkali  metals,  fuse  into  colourless  transparent  liquids, 
whereby  they  are  distinguished  from  the  fusible  compounds  of 
the  heavy  metals,  which  yield  coloured  or  opaque  beads.  More- 
over, the  temporary  melting  of  hydrated  salts  in  their  water 
of  crystallisation  must  not  be  confounded  with  the  permanent 
fusion  at  a  red  heat  which  characterises  the  above-mentioned 
classes  of  salts.  •l.i-:^ 

y.  Compounds  of  zinc,  aluminum,  and  magnesium,  with 
nearly  all  calcium,  strontium,  and  barium  salts,  whether 
or  not  undergoing  a  preliminary  aqueous  fusion,  leave  after 
strong  ignition  a  white  infusible  residue;  while  the  stannic, 
silicic,  and  antimonic  oxides  are  from  the  first  infusible. 
During  strong  ignition  the  aluminum  residue  manifests  an  in- 
tense white  incandescence,  the  zinc  residue  a  deep  greenish- 
yellow,  and  the  stannic  and  antimonic  oxides  a  pale  brownish- 
yellow  colour.  In  any  case  the  white  or  yellowish-white  in- 
fusible residue  may  be  moistened  with  solution  of  nitrate  of  cobalt, 
and  again  strongly  heated,  whereby  characteristic  colourations 
are  produced  with  compounds  of  zinc,  aluminum,  and  magne- 
sium, and  less  definite  colourations  with  the  remainder.  The 
zinc  residue  acquhes  a  fine  green,  the  aluminum  residue  a 
bright  blue,  and  the  magnesium  residue  a  very  faint  pink 
colour.  When  the  residue  is  pulverulent,  it  may  be  moistened 
with  sulphuric  acid  and  re-ignited  before  being  heated  with 
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nitrate  of  cobalt,  more  especially  in  order  to  bring  out  the 
magnesian  colour.  It  must  be  borne  in  mind  that  nitrate  of 
cobalt  also  imparts  a  blue  colour  to  many  fused  phosphates, 
borates,  and  silicates,  which,  however  cannot  be  confounded  with, 
the  blue  given  to  an  infusible  aluminum  residue. 

The  other  infusible  residues  receive  a  less  distinct  colour  by 
ignition  with  nitrate  of  cobalt,  those  of  calcium  and  strontium 
becoming  grey,  that  of  barium  reddish-grey,  those  of  the  stannic 
and  silicic  anhydrides  bluish-grey,  and  that  of  antimony  greenish- 
grey  ;  but  these  substances  may  be  further  distinguished  by  other 
means, — calcium,  strontium,  and  barium  by  their  tinting  the 
blowpipe  flame, — antimony  and  tin  by  their  reducibility,  the 
former  with,  and  the  latter  without,  any  incrustation  (3), — and 
silica  by  its  behaviour  with  fused  carbonate  of  sodium.  In  order 
to  test  an  infusible  compound  for  calcium,  strontium,  or 
barium,  a  small  quantity,  taken  up  on  the  end  of  a  fine  pla- 
tinum wire,  should  be  moistened  with  hydrochloric  acid,  and 
ignited  for  some  time  in  the  hottest  part  of  the  blowpipe  flame, 
when  the  characteristic  colour  due  to  the  volatilisation  of  each 
metal  will  be  clearly  brought  out,  save  indeed  with  their  respec- 
tive sulphates.  Silica  may  be  identified  by  making  a  small 
loop  at  the  end  of  a  platinum  wire,  and  fusing  upon  it  a  minute 
quantity  of  carbonate  of  sodium,  which  will  thus  form  a  white 
bead,  transparent  when  hot,  opaque  when  cold  :  in  this  fused 
bead,  silica,  when  strongly  heated,  will  dissolve  with  effer- 
vescence, and,  if  in  sufficient  quantity,  render  it  permanently 
transparent. 

&  Compounds  of  silver,  tin,  lead,  bismuth,  antimony, 
and  cadmium,  often  assume  the  metallic  state,  or  produce 
characteristic  incrustations,  when  merely  heated  on  charcoal  in 
the  reducing  blowpipe  flame ;  but  their  behaviour  when  heated 
with  a  flux  of  carbonate  of  sodium,  mixed  or  not  with  cyanide  of 
potassium,  is  more  satisfactory.  Carbonate  of  sodium  alone  will 
answer  the  purpose,  but  the  addition  thereto  of  one-fourth  of  its 
weight  of  cyanide  of  potassium  often  assists  the  reduction  very 
greatly,  and  is  not  in  any  case  disadvantageous,  save  when  the 
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specimen  itself  deflagrates  upon  charcoal  from  the  presence  of  a 
nitrate  or  chlorate,  in  which  case  a  slight  explosion  results  from 
the  reaction  of  the  cyanide  and  oxisalt. 

The  specimen  having  been  intimately  mixed  with  five  or  six 
times  its  bulk  of  flux,  a  small  portion  of  the  resulting  powder, 
sometimes  moistened  with  water  so  as  to  make  it  cohere,  is  heated 
strongly  on  charcoal.  The  mixed  mass  should  fuse  readily 
before  the  blowpipe,  so  that  any  minute  globules  of  reduced 
metal  may  run  together.  If  not  readily  fusible,  a  fresh  mixture 
must  be  taken  with  a  larger  proportion  of  flux.  When  the 
reduced  metal  volatilises  at  the  temperature  employed,  its  vapour 
becomes  oxidised  outside  the  flame,  and  is  deposited  upon  the 
charcoal  as  a  more  or  less  abundant,  white  or  coloured,  incrusta- 
tion. Silver  gives  no  incrustation,  and  tin  scarcely  any :  lead 
gives  a  yellow,  and  bismuth  a  brownish-yellow,  incrustation; 
while  antimony  gives  an  abundant  easily  volatile  bluish-white, 
and  cadmium  a  comparatively  fixed  brown-red  incrustation. 
Metallic  antimony  vaporises  rapidly ;  while  cadmium  is  so  vola- 
tile that  its  reduction  and  vaporisation  are  simultaneous,  where- 
fore no  globule,  but  only  an  incrustation,  is  producible  with  it. 
Zinc  compounds,  heated  with  reducing  flux,  behave  in  this 
respect  like  cadmium,  furnishing  no  globule  of  metal,  but  only 
an  incrustation,  which  is  yellow  when  hot,  white  when  cold ;  but 
zinc  will  have  been  previously  detected  by  its  reaction  with 
nitrate  of  cobalt  (y).  Keduced  arsenic  and  mercury  are  so 
volatile  that  they  can  only  be  obtained  in  the  form  of  sublimates 
by  performing  the  reduction  in  tubes  as  already  described  (a). 

The  different  metals  usually  identified  by  their  reduction  on 
charcoal,  exhibit  the  following  characters: — Silver  yields  a 
bead  of  white,  moderately  hard  and  malleable  metal,  with  no 
incrustation.  Tin,  which  is  less  easily  reducible,  yields  a  bead 
of  white  malleable  metal,  softer  than  silver,  with  very  slight,  if 
any,  incrustation.  Lead  yields  a  bead  of  soft  bluish-white 
metal,  with  yellow  incrustation;  bismuth,  a  bead  of  brittle 
yellowish -white  metal,  with  brownish -yellow  incrustation ;  anti- 
mony, a  bead  of  brittle  bluish-white  metal,  with  an  abundant 
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bluish-white  incrustation  ;  and  cadmium,  no  metallic  bead,  but 
only  a  reddish-brown  incrustation. 

In  addition,  copper,  iron,  nickel,  and  cobalt  are  reducible, 
though  they  do  not  afford  incrustations,  and  are  not  easily 
obtainable  in  the  form  of  beads.  But  on  crushing  the  fused 
mass  in  a  mortar,  and  washing  away  the  lighter  portions,  copper 
may  often  be  recognised  in  the  form  of  red  spangles,  and  iron, 
nickel,  and  cobalt  as  heavy  powders  affected  by  the  magnet. 

e.     Compounds  of  those  metals  which  tinge  the  borax  bead 
usually  leave  dark-coloured  infusible  residues  when  heated  alone 
on  charcoal.     In  testing  by  the  borax  bead,  a  piece  of  platinum 
wire  is  bent  into  a  single  or  double  loop,  as  shown  of  the  actual 
size  in  fig.  35,  the  loop  dipped  into  powdered 
Fig-  35-  borax,  and  the  adhering  borax  heated  to  red- 

ness, when  it  first  undergoes  a  highly  charac- 
teristic intumescence,  and  afterwards,  when 
more  strongly  heated,  sinks  into  a  colourless 
transparent  bead.  To  this  bead  is  then  at- 
tached a  minute  quantity  of  the  substance 
under  examination,  and  the  whole  strongly 
heated  in  the  blowpipe  flame,  when  in  some 
cases  the  fused  bead  dissolves  the  specimen, 
and  thereby  acquires  a  more  or  less  definite 
colour,  the  depth  of  which  may  be  increased 
by  adding  more  of  the  specimen  and  again 
heating  strongly. 

The  metals  iron  and  copper,  which  form 
two  classes  of  salts,  also  form  beads  of  two 
colours.  Thus  in  the  oxidising  flame  we 
have  a  blue  cnpric  and  a  yellow-brown  ferric  bead,  while  in  the 
reducing  flame  we  hare  a  cuprous  bead  of  an  almost  colourless 
or  opaque  reddish  aspect,  and  a  ferrous  bead  of  a  sea-green 
colour.  The  chromium  bead  has  an  emerald  green,  and  the 
cobalt  bead  a  sapphire  blue  colour.  Manganese,  when  free 
from  iron,  imparts  an  amethystine  tint,  and  nickel  a  deep  sherry 
hue,  which  becomes  amethystine  when  the  bead  is  heated  with  a 
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fragment  of  nitre.  The  borax  may  be  replaced  by  microcosmic 
salt,  or  even  by  ordinary  glass.  In  these  several  reagents  we 
have,  after  ignition,  an  excess  of  melted  boric,  phosphoric,  or 
silicic  anhydride,  which  at  the  temperature  of  the  blowpipe 
flame  combines  with  the  various  metallic  oxides  to  form  coloured 
fusible  salts.  -.--itt 


§  II.— SOLUTION  AND   PRECIPITATION. 

(27.)  Having  made  his  examination  in  the  dry  way,  by  means 
of  the  blowpipe,  the  student  must  next  bring  his  substance,  by 
some  means  or  other,  into  a  state  of  solution,  so  that  he  may 
submit  it  to  the  action  of  liquid  reagents.  As  a  general  rule, 
the  substance  to  be  dissolved  should  be  in  a  finely  divided  state. 
This  is  particularly  necessary  in  the  case  of  bodies  which  are 
with  difficulty  soluble,  such  as  many  native  oxides,  sulphides, 
&c.  Any  substance  having  a  decided  colour,  a  hard  structure, 
and  an  opaque  aspect,  whether  earthy  or  lustrous,  ought  always 
to  be  pulverised  very  finely  before  being  treated  with  solvents. 
The  solution  of  the  body  under  examination  should  be  effected 
by  preference  in  water ;  bat,  if  insoluble  in  water,  it  may  be 
acted  upon  with  hydrochloric  acid,  or  with  nitro-muriatic  acid, 
or  with  nitric  acid. 

A  small  portion  of  the  powdered  substance  is  to  be  placed  in  a 
test-tube,  a  moderate  quantity  of  water*  added,  the  whole 
agitated,  and  heated  over  a  spirit  or  gas-flame.  While  heating, 
the  tube  should  receive  an  occasional  jerk,  to  facilitate  mixture 
and  avoid  the  sudden  escape  of  vapour.  If  the  substance,  by 
this  treatment,  is  obviously  dissolved,  the  clear  solution,  filtered 
if  necessary  from  any  insoluble  portions,  can  be  submitted  at 
once  to  the  action  of  reagents.  If  the  substance,  however,  is 
not  obviously  dissolved,  a  few  drops  of  the  liquid  may  be  filtered 
on  to  a  glass  slip  and  gently  evaporated  to  dryness.  Should  any 

*  By  water  is  always  meant  pure  or  distilled  water ;  but  clean  rain  water 
may  sometimes  be  employed  as  a  substitute. 
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definite  amount  of  residue  remain  upon  the  glass,  the  whole  mix* 
ture  must  be  thrown  upon  a  filter,  and  the  tests  applied  to  the 
clear  nitrate.  There  are  many  substances  which,  unless  taken  in 
very  small  quantity,  do  not  disappear  perceptibly  when  boiled  in 
water,  but  yet  are  sufficiently  soluble  to  afford  an  aqueous  solu- 
tion that  can  be  successfully  tested.  Should  a  mere  trace  of 
residue,  or  none  at  all,  be  left  upon  the  glass  slip,  as  much  of  the 
water  as  possible  is  to  be  poured  away  from  the  insoluble  sub- 
stance, and  replaced  little  by  little  with  hydrochloric  acid, 
warming  between  each  addition.  Should  any  obvious  action 
occur,  more  hydrochloric  acid  may  be  added,  if  necessary,  and 
the  whole  heated  for  some  time  until  an  available  solution  is 
formed.  Should  there  be  no  obvious  action,  nitric  acid  must 
be  added  in  the  proportion  of  about  one-fourth  of  the  hydro- 
chloric acid  previously  used,  and  heat  again  applied.  By  one  or 
other  of  these  means  a  solution  will  generally  be  effected.  There 
are,  indeed,  a  few  substances  which  dissolve  in  nitric,  but  neither 
in  hydrochloric  nor  in  nitre-hydrochloric  acid.  There  are  also 
some  substances  which  are  quite  insoluble  in  any  ordinary  men- 
struum ;  the  consideration  of  these,  however,  is  deferred  for  the 
present.  The  solution  of  the  substance,  whether  in  water  or 
acid,  to  which  no  reagent  has  been  added,  is  called  in  the  tables 
and  elsewhere  the  original  solution.  The  freshly-made  acid  solu- 
tion should  generally  be  diluted  somewhat  freely  with  water,  and 
filtered  if  necessary.  The  acidity,  neutrality,  or  alkalinity  of  the 
aqueous  solution  should  be  ascertained  by  means  of  test-paper. 

(28.)  Different  reagents  are  next  to  be  added  to  the  original 
solution  in  the  order  and  manner  described  in  paragraphs  30,  35, 
and  41,  and  in  the  Tables  I.  II.  III.  and  V.  These  reagents 
produce  in  the  solution  certain  effects,  which  are  characteristic  of 
the  various  substances  dissolved.  The  effect  most  usually  pro- 
duced by  a  liquid  reagent  is  to  cause  a  precipitate  or  solid  deposit 
of  some  insoluble  compound  of  the  substance  sought  for.  Hence 
the  formation  or  non-formation  of  a  particular  precipitate  usually 
proves  the  presence  or  absence  of  a  particular  base  or  acid  in  the 
solution  under  examination.  Precipitates  differ  much  in  their 
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colour,  consistency,  rapidity  of  formation,  and  solubility  in 
different  liquids,  whence  the  student  must  make  himself  familiar 
with  their  various  aspects  and  habitudes.  As  regards  aspect,  he 
must  notice  whether  a  precipitate  is  dense,  crystalline,  clotty, 
gelatinous,  opaque,  transparent,  coloured  or  colourless,  &c.  As 
regards  habitude,  he  will  find  that  crystalline  precipitates,  unless 
thrown  down  from  concentrated  solutions,  do  not  usually  appear 
at  once,  but  only  after  some  little  time.  Their  immediate  for- 
mation, however,  may  be  often  determined  by  rubbing  the  liquid 
against  the  inside  of  the  containing  vessel  with  a  glass  rod. 
Again,  many  precipitates  are  characterised  by  their  solubility  in 
an  excess  of  the  precipitant,  or  in  some  other  reagent. 

Eeagents  and  solvents  should  always  be  added  gradually, 
except  when  special  direction  is  given  to  the  contrary.  This 
rule  is  of  great  importance,  and  applies  equally  to  the  formation 
and  solution  of  precipitates;  in  the  latter  case,  the  mixture 
should  be  agitated  between  each  addition  of  the  solvent.  Many 
characteristic  effects  are  occasionally  overlooked  through  a  neglect 
of  this  rule.  The  student  must  also  bear  in  mind,  when  directed 
to  employ  an  excess  of  any  particular  reagent  or  solvent,  that 
every  minute  quantity  more  than  sufficient  to  produce  the  desired 
effect  is  an  excess. 

In  the  tables,  the  word  dissolved  placed  at  the  head  of  a  column 
signifies  either  that  the  substances  written  under  it  have  not  been 
precipitated  at  all,  or  that,  having  been  precipitated,  they  are  now 
redissolved  by  an  excess  of  the  reagent,  in  any  case  that  they 
remain  in  solution. 
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(29.)  The  bases  are  divided  into  three  principal  groups,  as 
follows :' — 


I. 

TIN 

ARSENIC 
ANTIMONY 
BISMUTH 
MERCURY 
LEAD 
SILVER 
COPPER 
CADMIUM 


II. 

NICKEL 

COBALT 

MANGANESE 

IRON 

CHROMIUM 

ALUMINUM 

ZINC 


III. 

BARIUM 
STRONTIUM 
CALCIUM 
MAGNESIUM 
POTASSIUM 
SODIUM 
AMMONIUM 


The  first  object  of  the  student  must  be  to  ascertain  the  group 
to  which  the  base  of  the  salt  under  his  examination  belongs. 

The  members  of  the  first  group  are  precipitated  from  their  acid 
solutions  by  sulpJiydric  acid.  The  members  of  the  second  group 
are  not  precipitated  from  their  acid  solutions  by  sulphydric 
acid,  but  are  precipitated  from  their  neutral  solutions  by  sulphide 
of  ammonium.  The  members  of  the  third  group  are  precipitated 
neither  by  sulphydric  acid  nor  by  sulphide  of  ammonium. 

Having  ascertained  to  which  particular  group  the  base  of  his 
salt  belongs,  he  will  proceed  according  to  the  directions  of  the 
table  pertaining  to  that  group,  in  order  to  identify  the  individual 
member  thereof  with  which  he  is  dealing.  Should,  therefore, 
sulphydric  acid  produce  a  precipitate,  in  an  acidified  solu- 
tion, the  student  will  proceed  according  to  Table  I.  Should  it 
produce  no  obvious  precipitate,  he  will  render  the  solution  nearly 
neutral  by  ammonia,  and  then  add  sulphide  of  ammonium.  Should 
this  reagent  produce  a  precipitate  he  will  proceed  according  to 
Table  II.  Should  no  precipitate  be  produced  by  either  of  the 
above  reagents,  he  will  proceed  according  to  Table  III. 
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§  III.— EXAMINATION  FOR  BASES  OF  GROUP  I. 

(30.)  To  recognise  the  presence  of  some  member  of  this  group 
by  means  of  sulphuretted  hydrogen  or  sulphydric  acid,  the 
solution  to  be  tested  should  be  moderately  acid.  In  solutions 
which  are  too  acid,  sulphuretted  hydrogen  may  not  give  any 
precipitate,  despite  the  presence  of  a  member  of  the  group ;  and 
in  solutions  which  are  neutral  or  alkaline,  it  may  give  a  precipi- 
tate even  in  the  absence  of  every  member  of  the  group ;  inasmuch 
as  sulphuretted  hydrogen  precipitates  some  members  of  the  second 
group  from  their  neutral  or  alkaline  solutions. 

AQUEOUS  SOLUTIONS.  These  must  consequently  be  acidulated 
before  being  treated  with  sulphuretted  hydrogen.  A  few  drops 
of  either  nitric  or  hydrochloric  acid  will  answer  the  purpose,  but 
the  use  of  the  latter  acid  is  generally  preferable.  The  addition 
of  hydrochloric  acid,  however,  sometimes  produces  a  permanent 
white  precipitate,  in  which  case  the  presence  of  silver,  or  lead, 
or  mercury  is  indicated.  Solutions  of  silver  invariably  yield  a 
precipitate  with  hydrochloric  acid,  solutions  of  lead  and  mercury 
only  under  certain  conditions.  But  in  the  event  of  hydrochloric 
acid  producing  a  precipitate,  it  will  suffice  for  the  student  to 
distinguish  between  the  above  three  metals,  without  following 
out  the  directions  of  the  general  table  for  the  group  (page  68.) 

The  SILVER  precipitate  is  soluble  in  excess  of  ammonia. 

The  MERCURY  precipitate  is  turned  black  by  excess  of  ammonia. 

The  LEAD  precipitate  is  unaffected  by  ammonia,  but  is  soluble 
in  boiling  water;  and,  on  cooling,  is  deposited  therefrom  in 
crystalline  needles. 

These  three  precipitates  are  blackened  by  sulphuretted  hydro- 
gen, and  are  not  produced  by  nitric  acid,  properties  distinguishing 
them  from  all  other  precipitates  which  hydrochloric  acid  occasion- 
ally produces. 

The  acidification  of  a  solution  of  tartar-emetic,  with  either 
hydrochloric  or  nitric  acid,  is  attended  with  the  production  of  a 
white  turbidity,  which,  however, .  disappears  on  gently  warming 
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the  liquid  with  a  little  more  acid.  Moreover,  the  acidification, 
by  either  hydrochloric  or  nitric  acid,  of  various  alkaline  solutions, 
not  unfrequently  gives  rise  to  whitish  precipitates,  which  some- 
times disappear  in  an  excess  of  acid,  and,  at  other  times,  remain. 
Among  those  which  are  permanent,  the  principal  are  sulphur, 
from  the  decomposition  of  an  alkaline  persulphide,  &c. ;  silica, 
from  the  decomposition  of  an  alkaline  silicate;  and  boric  acid 
from  the  decomposition  of  an  alkaline  borate ;  but  this  last  pre- 
cipitate is  readily  soluble  in  boiling  water. 

SOLUTIONS  IN  ACID.  When  the  solution  of  the  original  sub- 
stance has  been  made  in  an  acid,  it  is  important  to  get  rid  of  any 
great  excess  of  acid ;  or,  at  any  rate,  to  reduce  its  activity. 

a.  By  mere  dilution  with  water.  It  is  generally  ad- 
visable to  dilute  somewhat  considerably  solutions  which  have 
been  made  by  means  of  an  acid. 

/3.  By  evaporation.  The  solution  may  be  evaporated 
down  to  a  small  bulk,  and  then  be  diluted  with  water.  This 
process  is  especially  necessary  when  the  solution  has  been  made 
with  nitre-muriatic  acid. 

y.  By  neutralisation  with  ammonia.  When  a  large 
quantity  of  acid  has  been  employed  to  effect  the  solution  of  a 
substance,  it  is  occasionally  useful  to  neutralise  some  of  the  excess 
of  acid  with  ammonia. 

The  acid  solution  of  the  substance,  whether  or  not  evaporated 
down,  or  partly  neutralised,  should,  after  dilution  with  water, 
be  perfectly  bright.  If  not  bright,  it  must  be  rendered  so  by 
nitration. 

The  addition  of  water  to  an  acid  solution  sometimes  produces 
an  obvious  white  precipitate,  in  which  case  the  dilution  should  be 
very  slight  or  be  dispensed  with  altogether.  The  formation  of  a 
white  precipitate  on  the  addition  of  water  indicates  the  presence 
of  ANTIMONY  or  BISMUTH.  The  precipitate  produced  in  solutions 
of  the  former  metal  is  dissolved  by  tartaric  acid  and  turned  of  an 
orange  colour  by  sulphuretted  hydrogen ;  while  that  produced  in 
solutions  of  the  latter  metal  is  not  dissolved  by  tartaric  acid,  and 
is  turned  black  by  sulphuretted  hydrogen.  Water  does  not 
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invariably  cause  a  precipitate  in  solutions  containing  antimony 
or  bismuth,  but  in  the  event  of  a  precipitate  being  produced,  it 
will  suffice  to  distinguish  between  the  above  two  metals  without 
proceeding  according  to  the  general  table  for  the  group  (page  68). 

The  acidified  solution  of  the  substance  in  water,  or  the  diluted 
solution  of  the  substance  in  acid,  is  to  be  treated  with  sulphuret- 
ted hydrogen.  It  may  be  sufficient  to  add  sulphuretted  hydrogen 
water  to  the  solution,  but  it  is  always  preferable  to  use  a  current 
of  the  gas  itself.  The  production  of  a  coloured  precipitate  is 
indicative  of  the  presence  of  some  member  of  the  first  group  ;  in 
which  case,  the  gas  should  be  passed  into  the  liquid  until  it  smells 
permanently  even  after  agitation.  A  little  water  should  next  be 
added,  and  the  whole  well  shaken  or  stirred,  to  promote  the 
subsequent  subsidence  of  the  precipitate,  which,  on  setting  the 
tube  aside  for  a  few  minutes,  will  soon  collect  at  the  bottom. 
The  supernatant  liquid  may  then  be  poured  off,  and  the  pre- 
cipitate treated  according  to  the  directions  of  Table  I.  /3. 

Sulphuretted  hydrogen,  when  added  to  certain  solutions,  not 
containing  any  member  of  the  first  group,  sometimes  produces  a 
more  or  less  considerable  yellowish -white  turbidity,  due  to  a 
liberation  of  finely  divided  sulphur,  effected  by  some  per-oxidated 
or  per-chlorinetted  compound,  thus : 

HaS     -f     C13       =       aHCl     +     S. 

In  yellow  solutions,  this  white  turbidity  often  appears  decidedly 
yellow,  from  the  colour  of  the  liquid  through  which  it  is  seen. 
"When,  simultaneously  with  the  liberation  of  sulphur,  a  brownish- 
yellow  solution  becomes  paler  or  colourless,  the  presence  of  a 
per -salt  of  iron  may  be  generally  inferred;  'but  when  it  be- 
comes of  a  marked  green  colour  the  presence  of  chromic  acid 
is  indicated. 
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TABLE  I. 

(3 1 .)  Examination  of  a  solution  containing  some  one  member 
of  the  first  group ;  namely,  TIN,  ARSENIC,  ANTIMONY,  BISMUTH, 
SILVER,  MERCURY,  LEAD,  COPPER,  or  CADMIUM;  all  of  which 
metals  are  precipitated  from  their  acid  solutions  by  Sulphuretted 
hydrogen  gas  (a),  or  its  solution  in  water. 


ft.  Having  treated  the  not  too  acid  solution  of  the  substance  with  excess 
of  sulphuretted  hydrogen,  and  poured  off  or  filtered  off  the  supernatant 
liquid,  warm  the  precipitate  with  some  solution  of  Sulphide  of  Ammonium. 


If  the  precipitated  sulphide  be  of 

TIN  (protosalf),  brown, 
TIN  (persalt),  yellow, 
ARSENIC,  yellow, 
ANTIMONY,  orange, 

it  will  dissolve  entirely,  and  on  ad- 
dition of  Hydrochloric  Acid  to  the 
resulting  solution  will  be  repre- 
cipitated. 

TIN,  always  yellow 
ARSENIC,  yellow 
ANTIMONY,  orange 


7.  Boil  the  precipitate  thrown 
down  by  sulphuretted  hydrogen 
with  strong  Hydrochloric  Acid. 


Undissolved 
ARSENIC 


Dissolved 
TIN 
ANTIMONY. 


If  the  precipitated  sulphide  be  of 
BISMUTH 
SILVER 

MERCURY  ^-blacker dark  brown,, 
LEAD 
COPPER 

CADMIUM,  yellow, 
it  will  remain  undissolved. 


8.  Add  Potash  to  a  portion  of  the 
original  solution :  in  any  case  a 
precipitate  will  be  produced  charac- 
terised as  follows : — 

LEAD,  white,  soluble  in  excess  of  the 
reagent,  unaffected  by  ammonia. 

C  MEECURY   (protosalf),  black,  un- 
affected by  ammonia. 

MERCURY  (persalf),  yellow,  turned 
white  by  ammonia. 

BISMUTH,    white,   unaffected    by 
ammonia. 

COPPER,  blue      ^ 

CADMIUM,  white  Lsoluble   in   am- 

monia, 
SILVER,  brown   J 

^  Insoluble  in  excess  of  potash. 
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(32.)  a.  SulpJiydric  acid,  or  sulphuretted  hydrogen,  reacts 
•with  the  salts  belonging  to  this  group  to  form  metallic  sulphide?, 
as  shown  by  the  following  typical  equations,  in  which  M  stands 
for  an  atom  of  metal  : 


2MC1      +       HZS       =       aHCl     +     M2S 
2MC13     +     3HaS       =       6HC1     + 


In  this  manner  the  salts  of  perissad  metals,  as  silver  Ag',  arsenic 
As'",  antimony  Sb'",  and  bismuth  Bi'x,  are  decomposed  by  sulphur- 
etted hydrogen. 

MCI,     +       H4S       =       2HC1     +     M'S 
MC14     +     2HaS       =      4HC1     +     M"ga. 

In  this  manner  the  salts  of  artiad  metals,  as  lead  Pb",  mercury 
Hg",  copper  Cu",  cadmium  Cd",  tin  (stannosum)  Sn",  and  tin  (stanni- 
cum)  Sn""  are  decomposed  by  sulphuretted  hydrogen. 

The  sulphides  thus  produced  differ  much  from  one  another  as 
regards  their  solubility  in  mineral  acids.  They  are  all  completely 
dissolved  by  nitro-muriatic  acid;  except  that  of  silver,  which 
is  converted  into  insoluble  chloride  of  silver  ;  and  that  of  lead, 
which  is  converted  partly  into  the  sparingly  soluble  chloride, 
partly  into  the  insoluble  sulphate  of  lead,  owing  to  an  oxidation 
of  its  constituent  sulphur. 

Hot  nitric  acid  dissolves  the  sulphides  of  arsenic,  bismuth, 
silver,  copper,  and  cadmium,  but  has  no  appreciable  action  on  the 
sulphides  of  mercury.  It  converts  the  sulphides  of  tin  and  anti- 
mony into  their  insoluble  oxides  or  anhydrides,  SnOg  and  Sba04 
respectively.  When  slightly  diluted,  it  dissolves  sulphide  of  lead 
completely,  but  otherwise  it  converts  a  portion  of  it  into  inso- 
luble sulphate  of  lead.  The  action  of  nitric  acid  upon  the  sul- 
phides is  generally  attended  with  a  separation  of  sulphur,  which, 
on  boiling,  gradually  assumes  the  form  of  melted  globules. 

Strong  hydrochloric  acid  at  a  boiling  temperature  has  no 
action  on  the  sulphides  of  arsenic  and  mercury.  It  converts  the 
sulphides  of  silver  and  lead  into  their  insoluble  or  sparingly 
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soluble  chlorides,  and  dissolves  the  remaining  sulphides  of  the 
group  with  greater  or  less  facility. 

(33.)  /3.  The  disulphide  of  tin,  and  the  trisulphides  of  arsenic 
and  antimony,  unite  with  the  sulphides  of  alkali-metal  to  form 
soluble  sulphur-salts  corresponding  to  the  well-known  oxygen 
salts,  thus  : 

Ammonium  sulpho-salts. 
(NH4)aS.SnS,       =       (NH4)3SnS3 

3(NH4)aS.SbaS3      =     2(NH4)3SbS3. 

Hence  these  sulphides  are  distinguished  from  the  remainder 
by  their  solubility  in  sulphide  of  ammonium*  Protosulphide  of 
tin  is  not  soluble  in  pure  colourless  sulphide  or  sulphydrate 
of  ammonium  ;  but  it  is  soluble  in  the  ordinary  yellow  solution 
of  the  persulphide,  whereby  it  becomes  converted  into  the  above- 
described  compound  of  disulphide  of  tin,  thus  : 

(NH4)aSa     +     &S       =       (NH4)aS.SnSa    or     (NH4)aSnS3. 

On  the  addition  of  hydrochloric  acid  to  any  of  these  sulpho- 
salts,  they  are  decomposed  with  reprecipitation  of  their  respective 
sulphides,  thus: 

(NH4)aS.SnSa     +     aHCl       =       HaS     +      SnSa     +     2NH4C1 
3(NH4)aS.AsaS3     +     6HC1       =     sH,S     +     AsaS3     +     6NH4CL 


It  is  advisable  not  to  dissolve  the  sulphides  of  this  sub-section 
in  an  unnecessarily  large  quantity  of  yellow  sulphide  of  am- 
monium, lest  the  subsequent  addition  of  hydrochloric  acid  should 
separate  so  great  a  quantity  of  whitish  sulphur  as  to  conceal  the 
colour  of  the  reprecipitated  sulphides. 

y.  Sulphide  of  arsenic  is  distinguishable  from  the  sulphides  of 
tin  and  antimony  by  its  insolubility  even  in  boiling  hydrochloric 
acid  ;  and  by  its  solubility  in  a  warm  solution  of  sesquicarbonate 
of  ammonia. 

*  Sulphide  of  copper  is  quite  insoluble  in  the  sulphides  of  sodium  and 
potassium  ;  but  is  slightly  soluble  in  sulphide  of  ammonium,  especially 
when  it  contains,  as  it  usually  does,  some  free  ammonia. 
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Sulphide  of  antimony  and  persulphide  of  tin  are  distinguishable 
from  one  another  by  their  difference  in  colour.  When  pure  they 
dissolve  completely  in  hydrochloric  acid  ;  but  as  usually  obtained 
they  often  contain  excess  of  sulphur,  which  remains  undissolved. 
Upon  evaporating  down  their  hydrochloric  acid  solutions  to  a 
small  bulk,  stannic  and  antimonious  chlorides  are  obtained  respect- 
ively. The  former  chloride  does  not  have  its  transparency  affected 
by  dilution,  neither  does  the  diluted  liquid  yield  any  deposit  upon 
a  surface  of  metallic  tin  :  and  again,  an  acid  solution  of  chloride 
of  tin,  in  which  a  small  fragment  of  zinc  has  been  dissolved,  gives 
with  corrosive  sublimate  a  white  precipitate  of  calomel,  gradually 
becoming  grey  from  its  conversion  into  metallic  mercury  (vide 
par.  34). 

The  latter  chloride  is  generally  rendered  opaque  by  diluting 
its  solution,  which  again  becomes  clear  on  the  addition  of  tartaric 
acid  ;  while  the  diluted  liquid  yields  an  abundant  black  deposit  of 
pulverulent  antimony  upon  a  surface  of  metallic  tin.  Moreover, 
chloride  of  antimony  reacts  satisfactorily  when  examined  by 
Marsh's  or  Reinsch's  process. 

Solid  compounds  of  arsenic  are  most  readily  recognised  by  the 
reduction  test  (vide  par.  66). 

(34.)  S.  Potash  reacts  with  the  salts  belonging  to  the  second 
section  of  this  group,  to  precipitate  the  hydrated  oxides  of  the 
respective  metals,  thus  : 


aAgCl      +     aKHO       =       zKCl     +     AgaO  .  H20 
2Bi'Cl3     +     6KHO       =       6KC1     +      BC03.3HaO. 

The  hydrated  oxides  of  mercury,  lead,  copper,  and  cadmium  are 
produced  according  to  the  following  general  equation  : 

M'bla     +     2KHO       =       zKCl     +     MO.H^O. 


Hydrate  of  lead  is  soluble  in  excess  of  potash  ;  the  hydrates  of 
silver,  copper  and  cadmium  are  soluble  in  excess  of  ammonia; 
while  those  of  bismuth  and  mercury  are  insoluble  in  either  reagent. 
Independently  of  their  behaviour  with  sulphuretted  hydrogen  and 
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caustic  alkalis,  the  metals  of  this  sub-section  of  the  first  group  are 
characterised  by  the  following  reactions. 

Bismuth  solutions,  unless  too  acid,  when  they  must  first  be 
evaporated  down,  yield  an  opaque  white  precipitate  on  the 
addition  of  water,  due  to  the  formation  of  some  insoluble  basic 
salt,  thus  : 


BiCl3  +     HaO       =       aHCl        +     BfOCl 

Bi(N03)3      +     HaO       =       aHN03     +     BiO.N03  or    4(Bi403.Na05). 

These  basic  salts  of  bismuth  are  insoluble  in  tartaric  acid,  and 
are  blackened  by  sulphuretted  hydrogen  or  sulphide  of  ammo- 
nium. 

Mercury  solutions  yield  with  protochloride  of  tin  a  white 
precipitate  becoming  grey  spontaneously,  or  more  rapidly  on  the 
application  of  heat.  The  white  precipitate  is  calomel,  which  is 
formed  from  mercurous  salts  by  double  decomposition,  thus  : 


+     SnCla       =       aHgCl     +     Sn(N03)a    or    SnO.N,05. 
But  it  is  formed  from  mercuric  salts  by  reduction,  thus  : 
2HgCla       +     SnCL,  ""  =       zHgCl     +     SnCl4 

The  grey  deposit  consists  of  finely  divided  metallic  mercury, 
produced  by  an  abstraction  of  chlorine  from  the  calomel  first 
precipitated  : 

zHgCl         +     Sn'Cl-5       =         Hga       +     SnCl4. 

This  grey  deposit,  when  boiled  with  hydrochloric  acid,  acquires 
the  characteristic  appearance  of  globules  of  mercury. 

Lead  solutions  yield  with  sulphuric  acid,  or  soluble  sulphates, 
a  white  precipitate  of  sulphate  of  lead,  insoluble  in  cold  nitric  or 
hydrochloric  acid  : 


+     H,S04      =       2HN03     +       bS04    or    PbO.S03. 
The  precipitate  is  distinguished  from  the  similar  precipitate 
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produced  with  barium-  and  strontium-  salts,  by  its  solubility  in 
excess  of  potash,  by  its  solubility  in  boiling  hydrochloric  acid, 
and  by  its  becoming  blackened  by  sulphuretted  hydrogen  or  sul- 
phide of  ammonium. 

Silver  solutions  yield  with  hydrochloric  acid  or  soluble 
chlorides  a  white  clotty  precipitate  of  chloride  of  silver  : 

AgN03     +     HC1       =       HN03     +     AgCl. 

The  precipitate  is  soluble  in  ammonia,  but  insoluble  in  the 
strongest  nitric  acid,  even  when  boiling.  It  is  turned  of  a  slate- 
purple  colour  by  exposure  to  light. 

Copper  solutions,  even  when  very  dilute,  give  with  ferrocya- 
nide of  potassium  a  chocolate-red  precipitate  of  ferrocyanide  of 
copper,  or  of  ferrocyanide  of  copper  and  potassium,  thus  : 


2CuS04     +     K4FeCy6       =       aKaS04     +     CuaFeCy6. 

The  precipitate  is  turned  of  a  pale  blue  colour  by  potash,  and 
is  then  readily  soluble  in  ammonia,  forming  a  deep  purple  coloured 
liquid,  by  which  properties  it  is  distinguished  from  the  similarly 
coloured  ferrocyanide  of  uranium. 

Cadmium  solutions  are  specially  recognised  by  the  bright 
yellow  colour  and  insolubility  in  sulphide  of  ammonium,  of  the 
precipitated  sulphide  of  cadmium  CdS,  produced  by  sulphuretted 
hydrogen  or  sulphide  of  ammonium.  Of  all  the  sulphides  of  the 
first  group  of  metals,  sulphide  of  cadmium  is  the  one  most  readily 
soluble  in  acids.  Cadmium-salts,  moreover,  are  readily  identified 
by  their  behaviour  before  the  blowpipe. 


§  IV.— EXAMINATION  FOB  BASES   OF  GROUP  II. 

(35.)  The  members  of  this  group  are  precipitated  by  sulphide 
or  sulphydrate  of  ammonium,  but  are  not  precipitated  from  their 
acidified  solutions  by  sulphuretted  hydrogen.  Inasmuch  as  sul- 
phide of  ammonium  also  precipitates  most  of  the  metals  of  the 
first  group,  their  absence  must  be  ascertained  by  the  non-produc- 
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tion  of  a  precipitate  with  sulphuretted  hydrogen,  before  the 
reaction  with  sulphide  of  ammonium  can  be  depended  on  as  a 
general  test  for  members  of  the  second  group. 

The  solution  to  be  tested  with  sulphide  of  ammonium  should 
be  nearly  neutral,  but  it  may  be  slightly  alkaline,  or  slightly 
acid  without  disadvantage.  It  must  not,  however,  be  decidedly 
acid ;  for  if  so,  there  may  not  only  be  no  precipitate  produced 
when  some  member  of  the  group  is  present,  but,  owing  to  a 
customary  impurity  in  the  reagent,  there  may  even  be  a  preci- 
pitate produced  when  every  member  of  the  group  is  absent. 
This  last  occurrence  is  consequent  upon  a  deposition  of  sulphur 
from  the  mutual  decomposition  of  the  acid  solution  and  the 
reagent,  quite  irrespective  of  the  presence  of  any  metal.  Pure 
colourless  sulphide  or  sulphydrate  of  ammonium,  indeed,  is  not 
precipitated  by  mere  acid  solutions ;  but  the  yellow  persulphide 
of  ammonium,  into  which  it  becomes  gradually  converted,  is 
decomposed  by  all  acid  liquids  with  precipitation  of  sulphur, 
thus : 

aHCl     +     (NH4)3Sa       =       aNH4Cl     +     HaS     +     S. 

The  aqueous  solution  of  a  salt  may  be  examined  for  members  of 
the  second  group,  by  adding  sulphide  of  ammonium  at  once ;  but 
a  solution  of  the  salt  in  acid  must  be  rendered  neutral,  or  nearly 
neutral,  with  ammonia  before  applying  the  test.  The  addition  of 
even  an  excess  of  ammonia  to  the  acid  liquid  is  no  disadvantage. 
It  will  sometimes,  indeed,  produce  a  precipitate,  but  the  formation 
of  a  precipitate  by  ammonia,  equally  with  the  formation  of  a 
precipitate  by  sulphide  of  ammonium,  indicates  the  presence  of 
a  member  of  the  second  group  ;  though  the  non-production  of  a 
precipitate  by  ammonia  does  not  prove  the  absence  of  all  mem- 
bers of  the  group.  The  precipitate  produced  by  ammonia 
generally  differs  in  its  character,  and  frequently  in  its  appearance, 
from  that  produced  by  sulphide  of  ammonium,  but  the  formation 
of  a  precipitate  by  ammonia  will  not  interfere  with  the  action  of 
the  more  characteristic  reagent  for  the  group. 
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The  acidulous  solution  of  the  substance  which  has  been  tested 
with  sulphuretted  hydrogen,  but  which  has  not  yielded  any  pre- 
cipitate therewith,  may  be  examined  for  members  of  the  second 
group  by  treatment  with  ammonia.  In  this  case,  one  portion  of 
the  ammonia  neutralises  the  excess  of  acid,  while  another  portion 
combines  with  the  sulphuretted  hydrogen  to  form  sulphide  or 
sulphydrate  of  ammonium,  which  serves  to  precipitate  any  mem- 
ber of  the  group,  thus  : 


HaS     +     2NH3       =       (NH4)aS. 

There  are  certain  salts  of  barium,  strontium,  calcium,  and 
magnesium  which  do  not  dissolve  in  water,  but  which  are  readily 
soluble  in  dilute  mineral  acids  —  nitric  or  hydrochloric,  for  in- 
stance —  without,  at  the  same  time,  undergoing  any  obvious 
decomposition.  Hence,  when  such  an  acid  solution  is  neutralised 
by  ammonia,  or  by  sulphide  of  ammonium,  the  salts  are  repreci- 
pitated  in  their  original  condition  ;  so  that,  although  the  alkaline 
earths  strictly  belong  to  the  third  group,  they  are  occasionally 
precipitated  along  with  the  proper  members  of  the  second.  These 
salts  are  principally  the  fluoride  of  calcium—  the  oxalates 
of  calcium,  strontium,  and  barium  —  and  the  phosphates 
of  magnesium,  calcium,  strontium,  and  barium.  la 
Table  II.  they  are  referred  to  under  the  general  term  of  earthy 
salts  ;  and  the  mode  of  distinguishing  them  from  one  another  is 
described  in  par.  59. 
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TABLE  II. 

(36.)  Examination  of  a  solution  containing  some  one  member 
of  the  second  group  of  bases ;  namely,  NICKEL,  COBALT,  MANGA- 
NESE, IRON,  CHROMIUM,  ALUMINUM,  or  ZINC  ;  all  of  which  bodies 
are  precipitated  by  Sulphide  of  Ammonium  (a),  from  their  neutral, 
or  nearly  neutral,  solutions.* 

)8.  Add  gradually  a  considerable  excess  of  aqueous  Potash  to  a  portion  of 
the  original  solution.  In  any  case  a  precipitate  will  be  formed,  which  may 
either  remain  or  be  redissolved. 


Undissolved 
NICKEL,  pale  green. 
COBALT,  pale  blue. 
MANGANESE,  white,  becoming  brown. 
IRON,  olive-green,  black,  or  red. 
EARTHY  SALTS,  white. 

7.  Add  to  a  fresh  portion  of  the 
original  solution,  some  Chloride  of 
ammonium  and  an  excess  of  Am- 


Dissolved 
CHROME,  green. 
ALUMINUM,  white. 
ZINC,  white. 


8.  Boil  the  potash   solution  for 
some  time. 


Precipitated 

Dissolved 

X" 

Precipitated 

~~\ 

Dissolved 

IRON,  red 

NICKEL,  blue. 

CHROME, 

ALUMINUM. 

EARTHY  SALTS, 

COBALT,  brownish 

green 

ZINC. 

white. 

pink. 

MANGANESE,      co- 

To the  potash  solution 

lourless,  speedily 
becoming  brown 
and  turbid. 

^  e.     Add 
a  few  drops 
of  Sulphide 

C    Add~ 
excess      of 
Chloride  of 

of  Ammo- 

Ammonium. 

nium. 

Precipitated 

Precipitated 

ZINC. 

ALUMINUM. 

*  To  work  successfully,  the  student  must  supplement  the  brief  directions 
of  the  different  tables,  and  more  especially  of  this  table,  by  the  explanations 
and  limitations  of  the  succeeding  letterpress. 
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(37.)  a.  Sulphide  of  ammonium  reacts  with  salts  pertaining  to 
this  group,  to  form  precipitates  of  various  characters  and  aspects. 
The  precipitate  is  white  in  solutions  of  zinc,  aluminum,  and  the 
earthy  salts;  black  in  solutions  of  iron,  nickel,  and  cobalt; 
greenish  in  solutions  of  chrome ;  and  buff- coloured  in  those  of 
manganese.  The  student  must  not,  however,  attach  too  much 
importance  to  the  colour  of  a  precipitate,  as  it  is  a  quality  very 
liable  to  be  interfered  with  by  accidental  circumstances.  For 
instance,  the  presence  of  a  trace  of  iron,  occurring  as  an  impurity, 
may  effect  a  great  alteration  in  the  characteristic  appearance  of 
precipitates  due  to  chrome,  manganese,  zinc,  aluminum,  or  earthy 
salts,  respectively,  by  imparting  to  them  a  black,  grey,  or  greenish 
colour.  From  its  transparency,  the  precipitate  produced  in 
aluminous  solutions  is  very  liable  to  be  overlooked. 

The  salts  of  nickel,  cobalt,  manganese,  iron  and  zinc  are  preci- 
pitated by  sulphide  of  ammonium,  in  the  form  of  sulphides, 
according  to  the  general  equation, 

MCla     +     (NH4)aS       «       2NH4C1     +     j£&. 

From  their  neutral  solutions  these  metals  are  precipitated  very 
imperfectly  by  sulphuretted  hydrogen,  in  consequence  of  the 
formation  during  the  reaction  of  hydrochloric  or  some  other  acid, 
in  which  the  respective  sulphides  are  soluble,  thus : 

MC13     +     HaS      =       2HC1     +     M&. 

But  the  sulphides  of  nickel,  cobalt,  and  zinc  may  be  precipitated 
completely  from  solutions  which  are  acid  only  with  acetic  acid, 
and  in  which,  owing  to  the  addition  of  an  alkaline  acetate,  no 
stronger  acid  than  the  acetic  can  be  set  free  during  the  reaction ; 
though  even  then  sulphide  of  iron  can  be  but  partially  precipi- 
tated, and  sulphide  of  manganese  not  at  all. 

Although  the  sulphides  of  nickel  and  cobalt  are  not  precipitated 
in  the  presence  of  hydrochloric  acid,  yet,  when  once  produced, 
they  can  only  be  dissolved  in  the  acid  with  considerable  difficulty ; 
but  they  are  readily  soluble  in  nitric  acid.  The  sulphides  of 
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zinc,  iron,  and  manganese,  however,  are  easily  dissolved  by  cold 
hydrochloric  acid,  and  that  of  manganese  by  acetic  acid. 

The  sulphides  of  aluminum  and  chromium  cannot  be  produced 
in  the  moist  way.  Hence  the  salts  of  these  metals  are  precipitated 
by  sulphide  of  ammonium  in  the  form,  not  of  sulphides,  but  of 
'hydrated  sesquioxides,  with  liberation  of  sulphuretted  hydrogen, 
thus: 

2A1C13   +    3(NH4)2S  +    6H,0     =     6NH4C1   +    3HaS  +   Ala03.3HaO. 

The  earthy  salts  are  precipitated  as  such  by  a  mere  neutralisation 
of  the  acid  in  which  they  were  dissolved,  thus  (vide  page  75)  : 

Ca3(P04)a.4HCl   +   2(NH4)aS     =     Ca3(P04),  +  4NH4C1  +   aH2S. 

(38.)  /3.  From  protosalts  of  nickel,  cobalt,  manganese,  iron, 
and  zinc,  potash  throws  down  the  respective  prothydrates,  pre- 
cisely as  it  does  the  prothydrates  of  the  metals  of  the  first 
group  : 

MCI,     +     zKHO       =       2KC1     +     MO.H,0. 


From  the  tri-  or  sesquisalts  of  iron,  chromium,  and  aluminum, 
it  precipitates  the  respective  sesquihydrates,  thus  :  — 

2MC13     +     6KHO       =       6KC1     +     M;"03  .  sH^O. 

The  earthy  salts  are  precipitated  as  such  by  the  neutralisation 
of  the  acid  in  which  they  were  dissolved. 

The  appearance  of  the  manganese  precipitate  is  very  charac- 
teristic. From  being  quite  white  it  becomes  rapidly  brown  by 
an  absorption  of  atmospheric  oxygen.  The  precipitate  given  by 
potash  with  perfectly  pure  protosalts  of  iron  is  greenish-white, 
but  the  precipitate  ordinarily  obtained  has  a  dark  olive-green 
colour,  becoming  ochrey-red  by  exposure  to  air  :  with  mixed 
proto-  and  sesqui-salts,  a  black  precipitate,  and  with  pure  sesqui- 
salts  a  red-brown  precipitate  is  produced.  The  hydrates  of 
chromium,  aluminum,  and  zinc  are  completely  soluble  in  excess 
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of  potash,  while  the  other  precipitates  are  insoluble.  Should  the 
excess  of  potash  effect  an  obvious  solution  of  the  precipitate  at 
first  thrown  down,  but  the  liquid  at  the  same  time  not  become 
perfectly  bright,  it  may  be  filtered  off  from  the  oxide  of  iron,  or 
other  insoluble  impurity,  and  tested  for  chromium,  aluminum, 
and  zinc  (3). 

(39.)  y.  Ammonia  throws  down  from  solutions  of  nickel, 
cobalt,  manganese,  iron,  and  earthy  salts,  precipitates 
which  have  respectively  the  same  composition  as  those  thrown 
down  by  potash.  The  precipitates  produced  in  solutions  of  the 
earthy  salts  and  in  sesquisalts  of  iron  are  equally  insoluble  in 
excess  of  ammonia  as  in  excess  of  potash;  but  the  prothydrates 
of  nickel,  cobalt,  and  manganese  are  readily  soluble,  and  that  of 
iron  sparingly  soluble,  in  excess  of  ammonia,  when  chloride 
of  ammonium  or  some  other  neutral  ammoniacal  salt  is  also 
present.  Hence  when  the  previous  experiment  with  potash 
has  shown  the  probable  presence  of  a  protosalt  of  iron,  it  is  neces- 
sary, before  adding  ammonia,  to  boil  the  solution  with  a  little 
nitric  acid  for  a  few  minutes,  so  as  to  convert  the  protosalt  into  a 
sesquisalt,  whereby  all  the  iron  may  be  precipitated  as  a  red-brown 
sesquihydrate,  quite  insoluble  in  excess  of  ammonia. 

But  when  the  colour  of  the  precipitate  produced  by  potash,  or 
some  other  reaction,  has  indicated  the  absence  of  a  protosalt  of 
iron,  the  boiling  with  nitric  acid  may  be  dispensed  with.  The 
presence  of  a  protosalt  of  iron  in  the  original  solution  is  best 
shown  by  the  addition  of  ferridcyanide  of  potassium,  which  pro- 
duces therewith  an  abundant  dark  blue  precipitate  of  ferridcyanide 
of  iron,  or  Turnbull's  blue  : 

aPeCl*     +     2K3Fe'Cy6       =       6KC1     +     Fe^Fe'^'Cy,,. 

The  presence  of  a  sesquisalt  of  iron  is  best  shown  by  sul- 
pliocyanate  of  potassium^  which  produces  therewith  a  blood-red 
liquid,  due  to  the  formation  of  sesqui-sulphocyanate  of  iron  : 

FeCl3     +      sKCyS       =       sKCl     +     Fe(CyS)3. 
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The  mode  of  examining  the  earthy  salts  is  described  in 
par.  59. 

When  excess  of  ammonia  is  added  to  a  strongly  acid  solution, 
or  when  chloride  of  ammonium  and  excess  of  ammonia  are  added 
to  a  nearly  neutral  solution  of  nickel,  cobalt,  or  manganese,  the 
precipitate  at  first  produced  is  immediately  redissolved. 

The  ammoniacal  solution  of  nickel  has  a  deep  purple-blue 
colour,  closely  resembling  that  of  the  similarly  constituted  solu- 
tion of  copper.  Potash  added  to  the  ammoniacal  nickel  solution 
throws  down  an  apple-green  precipitate  of  hydrate  of  nickel ;  but 
a  very  large  quantity  of  potash  may  be  added  to  the  ammoniacal 
copper  solution  without  disturbing  its  transparency,  and  the  pre- 
cipitate finally  produced  is  for  the  most  part  blue.  Moreover, 
ferrocyanide  of  potassium  produces  with  ordinary  salts  of  nickel  a 
pale  green,  and  with  ordinary  salts  of  copper  a  chocolate-red, 
precipitate  of  the  respective  ferrocyanides ;  and  the  two  metals 
are  otherwise  well  characterised. 

The  ammoniacal  solution  of  cobalt  has  a  brownish-pink 
colour,  which  gradually  becomes  darker  by  exposure  to  air,  until 
eventually  a  brownish  precipitate  of  hydrated  sesquioxide  of 
cobalt  is  produced.  But  the  cobalt  solution,  when  made  with 
ammonia  containing  carbonate  of  ammonium,  or  even  with  car- 
bonate of  ammonium  itself,  has  a  fine  pink  colour,  which  is 
tolerably  permanent.  Cobalt  compounds  are  best  recognised  by 
fusion  with  the  borax  bead,  to  which  they  impart  a  deep  purple- 
blue  colour. 

The  ammoniacal  solution  of  manganese  is  at  first  colourless, 
but  by  exposure  to  air  it  speedily  becomes  brown  and  opaque, 
from  the  conversion  of  the  white  soluble  prothydrate  into  the 
brown  insoluble  sesquihydrate.  Manganese  compounds  are  very 
frequently  contaminated  with  iron ;  hence,  when  excess  of  am- 
monia produces  a  brown  precipitate,  it  is  often  worth  while  to 
pour  the  mixture  on  to  a  filter,  and  to  test  the  ammoniacal  filtrate 
with  sulphide  of  ammonium;  whereupon  manganese,  if  present,  is 
precipitated  as  a  flesh-coloured  sulphide.  Manganese  is  best 
recognised  before  the  blowpipe  by  fusing  some  carbonate  of 
sodium,  to  which  a  little  nitre  may  be  added,  upon  platinum  foil, 
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and  then  introducing  a  minute  portion  of  the  manganese  com- 
pound, whereby  a  bright  green  fusible  mass  of  manganate  of 
sodium  NaaMn04>  is  produced. 

(40.)  S.  The  potash  solution  of  chromium  is  of  a  green  colour, 
and  when  boiled  for  a  longer  or  shorter  time,  according  to  the 
relative  proportions  of  potash  and  chrome  present,  deposits  the 
whole  of  its  chrome  in  the  form  of  a  green  precipitate.  Chrome 
compounds  are  best  recognised  by  the  emerald  green  colour  they 
impart  to  the  borax  bead ;  and  by  the  bright  yellow  mass  of 
chromate  of  alkali  metal  which  they  yield  when  ignited  on 
platinum  foil,  with  carbonate  of  sodium  and  nitre,  before  the 
blowpipe. 

€.  The  potash  solution  of  zinc,  when  containing  a  considerable 
excess  of  potash,  is  not  affected  even  by  prolonged  ebullition  ; 
but  when  containing  only  a  slight  excess,  it  soon  deposits  an 
opaque  white  precipitate.  On  adding  a  few  drops  of  sulphide  of 
ammonium  to  potash  solution  of  zinc,  sulphide  of  zinc  is  formed, 
which  being,  unlike  the  hydrate  of  zinc,  insoluble  in  potash,  is 
thrown  down  as  a  white  precipitate,  frequently  having  a  greyish 
tinge  from  the  accidental  presence  of  a  trace  of  lead  in  the  potash 
used  as  the  reagent. 

Zinc  compounds  when  strongly  heated  leave  a  fixed  infusible 
residue,  which  when  cold  is  quite  white,  but  when  hot  has  a 
deep  greenish-yellow  tint.  Moistened  with  nitrate  of  cobalt  solu- 
tion and  re-ignited,  it  acquires  a  pure  permanent  chrome-green 
colour. 

£.  The  potash  solution  of  alumina  is  unaffected  by  boiling, 
and  also  by  the  addition  of  a  few  drops  of  sulphide  of  ammonium, 
unless  indeed  the  potash  contains  an  appreciable  quantity  of  lead, 
when  a  black  precipitate  of  sulphide  of  lead  is  formed. 

Ammonia  or  carbonate  of  ammonium  gives  a  similar  white 
precipitate  with  zincous  and  aluminous  salts,  but  the  precipitate 
produced  with  the  former  is  freely  soluble,  while  that  produced 
with  the  latter  is  insoluble  in  excess  of  the  reagent.  Hence  the 
addition  of  chloride  of  ammonium  to  potash  solution  of  zinc 
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produces  no  precipitate  ;  but  when  added  in  sufficient  quantity 
to  potash  solution  of  alumina,  it  throws  down  a  white  gelatinous 
precipitate  of  hydrate  of  aluminum,  owing  to  a  substitution  of  free 
ammonia  for  free  potash,  thus  : 

KHO       =       KC1     +     NH4HO,  or  NH3.HZ0. 

Compounds  of  aluminum,  when  strongly  heated  in  the  blowpipe 
flame,  leave  a  white,  infusible,  highly  incandescent  residue,  which, 
when  moistened  with  solution  of  nitrate  of  cobalt,  and  reignited, 
assumes  a  fine  permanent  blue  colour. 


§  V.— EXAMINATION  FOE  BASES  OF  GEOUP  III. 

(41.)  This  group  includes  the  bases  which  are  not  precipitated 
either  by  sulphuretted  hydrogen,  or  by  sulphide  of  ammonium. 
A  solution  of  the  salt  in  water  or  acid  may  be  at  once  examined, 
according  to  the  directions  of  Table  III.  Or  the  solution,  which 
has  been  successively  treated  with  sulphuretted  hydrogen  and 
sulphide  of  ammonium  without  the  production  of  a  precipitate, 
may  be  tested  for  any  of  the  metals  of  this  group,  except 
potassium,  sodium,  and  ammonium.  If  the  original  substance 
required  an  acid  to  effect  its  solution,  its  base  cannot  be  any  one 
of  the  last  three,  inasmuch  as  all  simple  salts  of  potassium, 
sodium,  and  ammonium  are  soluble  in  hot  water. 


EXAMINATION   FOR   BASES   OF   GROUP   III. 


TABLE  III. 

(42.)  Examination  of  a  solution  containing  some  one  member 
of  the  third  group  of  bases ;  namely,  BARIUM,  STRONTIUM,  CAL- 
CIUM, MAGNESIUM,  POTASSIUM,  SODIUM,  or  AMMONIUM.  The  sul- 
phides or  sulphydrates  of  these  metals  being  soluble  in  water, 
the  solutions  of  their  salts  are  not  precipitated  either  by  sulphu- 
retted hydrogen,  or  by  sulphide  or  sulphydrate  of  ommonium. 


o.  Add  Chloride  and  Carbonate  of  Ammonium  to  the  original  solution,  and 
warm  gently. 


Precipitated 
BARIUM 
STRONTIUM 
CALCIUM. 


ft.  Add  Sulphate  of  Potassium  or 
dilute  Sulphuric  Acid  to  the  original 
solution. 


7N 

Dissolved 
MAGNESIUM 
POTASSIUM 
SODIUM 
AMMONIUM. 

y>  Add  Phosphate  of  Ammonium 
to  the  above  solution  already  con- 
taining the  ammoniacal  salts,  and 
stir.  <  '} 


/" 

Precipitated 

Dissolved 

/ 

Precipitated 

\ 

Dissolved 

BARIUM  (quickly) 

CALCIUM. 

MAGNESIUM. 

POTASSIUM 

STRONTIUM  (slowly). 

SODIUM 

AMMONIUM. 

Add  Chromate  of  Po- 
tassium to  the  original 
solution. 

8.  Add  to  the  original 
solution  Tartaric  Acid 

^  

in  excess,  and  stir. 

Precipitatedl  Dissolved 
BARIUM.   {STRONTIUM. 

Precipitated 

^ 

Dissolved 

POTASSIUM. 

SODIUM. 

AMMONIUM  ? 

G  2 
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(43-)  a-  Carbonate  of  ammonium  produces  in  solutions  con- 
taining barium,  strontium,  or  calcium,  a  white  precipitate, 
the  carbonates  of  these  three  metals  being  insoluble : 

CaCl,     +     (NH4)aC03       =       aNH4Cl     +     CaC03,  or  CaO.CO,. 

When  carbonate  of  ammonium  is  added  to  an  acid  solution  of 
the  compound  under  examination,  care  must  be  taken  to  add  a 
quantity  more  than  sufficient  to  neutralise  the  acid,  or,  in  other 
words,  enough  to  render  the  solution  alkaline.  Inasmuch  as  the 
carbonic  gas  evolved  on  adding  carbonate  of  ammonium  to  an 
acid  liquid  retains  the  carbonates  of  the  alkaline  earth-metals 
in  solution,  it  must  be  expelled  by  gentle  warming.  Carbonate 
of  magnesium  also  is  insoluble  in  water,  though  readily 
soluble  in  solutions  containing  chloride  of  ammonium  or  other 
ammoniacal  salt.  Hence  the  necessity  of  adding  chloride  as 
well  as  carbonate  of  ammonium  to  the  aqueous  solution  of  the 
substance  under  examination,  in  order  to  prevent  a  precipitate 
of  carbonate  of  magnesium  being  formed,  and  confounded  with 
one  of  the  other  precipi table  carbonates.  But  when  the  sub- 
stance has  been  dissolved  in  an  acid,  the  carbonate  of  ammonium 
expended  in  neutralising  the  acid  forms  a  sufficient  quantity  of 
neutral  ammoniacal  salt  to  prevent  the  precipitation  of  carbonate 
of  magnesium  ;  and  consequently  the  separate  addition  of  chloride 
of  ammonium  is  rendered  unnecessary.  The  addition  of  chloride 
of  ammonium  may  also  be  dispensed  with,  when  the  carbonate  is 
added  to  a  portion  of  the  solution  with  which  a  negative  result 
has  been  obtained  by  successive  treatment  with  sulphuretted 
hydrogen  and  sulphide  of  ammonium.  Carbonate  of  ammonium 
also  precipitates  most  of  the  metals  belonging  to  the  first  and 
second  groups,  so  that  it  can  only  be  depended  upon  to  indicate 
the  presence  of  the  alkaline  earth-metals,  when  the  absence  of 
all  other  precipitable  metals  has  been  previously  ascertained  by 
sulphuretted  hydrogen  and  sulphide  of  ammonium  respectively. 

/3.  Sulphate  of  calcium  is  very  slightly  soluble  in  water, 
sulphate  of  strontium  still  less  so,  and  sulphate  of  barium 
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quite  insoluble.  Hence  sulphuric  acid  and  most  soluble  sulphates 
give  precipitates  in  the  solutions  of  all  three  metals.  But  owing 
to  the  sparing  solubility  of  sulphate  of  potassium  in  water,  its 
solution  does  not  usually  precipitate  the  salts  of  calcium  unless 
very  concentrated,  though  it  is  readily  capable  of  precipitating 
those  of  strontium  and  barium  : 

BaCla     +     K2S04       =       aKCl     +     BaS04,  or  BaO.S03. 

Moreover,  a  solution  of  sulphate  of  calcium  will  not  precipitate 
salts  of  calcium  under  any  circumstances,  but  will  nevertheless 
precipitate  those  of  strontium  and  barium,  the  former  slowly,  the 
latter  immediately. 

Oxalate  of  ammonium  is  the  reagent  usually  employed  to 
demonstrate  the  presence  of  calcium,  with  neutral  or  alkaline 
solutions  of  which  it  gives  a  white  precipitate  of  oxalate  of 
calcium,  soluble  in  nitric  and  hydrochloric,  but  insoluble  in 
acetic  and  oxalic  acids  : 


CaCl2     +     (NH4)2C204       -=       2NH4C1     +     CaC^  or  CaO.C,03. 

But  oxalate  of  ammonium  produces  precisely  similar  precipi- 
tates in  neutral  salts  of  strontium  and  barium,  the  oxalates  of 
these  two  metals  being  also  insoluble  in  water.  That  of  barium, 
however,  is  soluble  in  excess  of  warm  oxalic  acid.  Moreover, 
free  oxalic  acid  precipitates  neutral  solutions  of  calcium  and 
strontium,  but  not  of  barium,  unless  very  concentrated. 

In  solutions"  acidified  with  acetic  acid,  chromate  of  potassium 
has  no  action  upon  strontium  and  calcium  salts,  but  throws  down 
from  barium  salts  a  yellow  precipitate  of  chromate  of  barium, 
soluble  in  the  nitric  and  hydrochloric  acids  : 


Ba(N03)a     +     K2Cr04       -       zKN03     +     BaCr04. 

Hydrofluosilicic  acid  also  serves  to  distinguish  barium  salts 
from  those  of  strontium  and  calcium,  with  the  first  of  which  it 
alone  produces  a  precipitate,  the  fluosilicate  of  barium  being  alone 
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insoluble.     This  test  is  unaffected  by  the  presence  of  nitric  and 
hydrochloric  acids : 

tfaCl,     +     H2SiF6       =       aHCl     +     BaSiF6,   or  BaFa.SiF4. 

Most  barium  salts,  especially  when  moistened  with  hydro- 
chloric acid,  impart  an  apple-green  colour  to  the  blowpipe  flame  ; 
strontium  salts  a  marked  crimson ;  and  calcium  salts  an  orange- 
red. 

(44.)  y.  Phosphate  of  ammonium,  or  of  sodium,  gives  with 
magnesian  solutions,  containing  carbonate  of  ammonium  or 
free  ammonia,  a  white  crystalline  precipitate  of  phosphate  of 
magnesium  and  ammonium,  frequently  known  as  triple  phos- 
phate : 

MgCla     +     (NH4)aHP04     +     NH3      =      aNH4Cl     +     Mg(NH4)P04. 

This  precipitate  does  not  usually  form  in  warm  solutions,  and 
is  frequently  produced  only  after  brisk  stirring,  or  rubbing  the 
inside  of  the  tube  with  a  glass  rod.  It  must  be  remembered  that 
phosphate  of  ammonium  gives  precipitates  with  salts  of  barium, 
strontium,  and  calcium,  and  of  most  metals  belonging  to  the  first 
and  second  groups,  so  that  it  can  only  be  relied  upon  as  a  test  for 
magnesium  when  the  absence  of  all  other  metals  precipitable  by 
it  has  been  first  ascertained. 

5.  Tartaric  acid  gives  with  neutral  solutions  of  potassium- 
salts  a  white  crystalline  precipitate  of  acid  tartrate  of  potassium 
or  cream  of  tartar  : 

K€l     +     H6C406       =      HC1     +     KH5C406. 

The  precipitate  does  not  usually  appear  in  a  warm  liquid.  It 
is  produced  very  slowly  in  solutions  of  the  more  sparingly 
soluble,  and  in  dilute  solutions  of  the  more  freely  soluble  potas- 
sium-salts. From  such  solutions  it  is  best  obtained  by  cooling 
the  mixture  under  a  tap,  diluting  it  with  a  little  alcohol,  and 
stirring  it  briskly  with  a  glass  rod,  which  should  be  rubbed 
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against  the  inside  of  the  tube.  In  testing  alkaline  solutions  for 
the  presence  of  potassium,  care  must  be  taken  to  add  an  excess  of 
tartaric  acid.  The  precipitate  of  cream  of  tartar  is  not  formed  in 
solutions  of  potassium-salts  which  have  a  marked  acid  reaction 
from  the  presence  either  of  oxalic  acid,  or  of  one  of  the  strong 
mineral  acids.  But  on  neutralising  such  solutions  with  caustic 
soda,  or  carbonate  of  sodium,  and  then  adding  tartaric  acid,  the 
characteristic  precipitate  is  readily  obtained. 

Perchloride  of  platinum  produces  also  in  solutions  of  potas- 
sium-salts, which  should  first  be  acidulated  with  hydrochloric 
acid,  a  yellow  crystalline  precipitate  of  platino-chloride  of  potas- 
sium 2KCl.PtCl4,  the  deposition  of  which  is  facilitated  by  stirring, 
and  by  the  addition  of  alcohol. 

Solutions  of  ammonium-salts,  when  moderately  concentrated, 
resemble  potassium- salts  in  their  behaviour  with  tartaric  acid, 
yielding  therewith  a  crystalline  precipitate  of  acid  tartrate  of 
ammonium  (NH4)H5C406.  Hence  ammonia  cannot  be  used  to 
neutralise  those  acid  solutions  which  have  to  be  tested  with  tartaric 
acid  for  the  presence  of  potassium.  Moreover,  moderately  concen- 
trated solutions  of  ammonium-salts  give  with  dichloride  of 
platinum  a  yellow  crystalline  precipitate  of  platino-chloride  of 
ammonium  2NH4Cl.PtCl4,  resembling  the  similar'  compound  of 
potassium.  Dilute  solutions  of  ammoniacal  salts  behave  like  solu- 
tions of  sodium-salts  in  not  furnishing  any  precipitate  with 
either  tartaric  acid  or  dichloride  of  platinum.  But  ammonium- 
sales  may  be  readily  distinguished  from  those  of  potassium  and 
sodium  by  their  partial  or  complete  volatility,  and  by  their  solu- 
tions evolving  ammonia  when  boiled  with  potash  or  lime  :  , 

NH4C1     +     KHO       =       KC1     +     NH3     +     HZ0. 

Sodium-salts  impart  an  intense  yellow  colouration  to  flame, 
and  potassium-salts  a  marked  violet. 
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§  VI.— EXAMINATION  EOE  ACIDS. 

(45.)  The  student  should  always  ascertain  the  nature  of  the 
metallic  or  basic  constituent  of  his  substance,  before  proceeding 
to  search  for  its  acid  or'chloroid  constituent.  In  this  search  he 
will  be  greatly  assisted  by  a  knowledge  of  the  special  characters 
of  particular  salts,  and  of  the  general  characters  of  various  classes 
of  salts.  Knowing,  for  instance,  that  sulphate  of  barium  is 
insoluble  in  all  menstrua,  he  need  not  test  a  soluble  barium  salt 
for  sulphuric  acid.  On  the  other  hand,  a  salt  insoluble  in  water 
is  not  likely  to  be  a  nitrate  or  chlorate.  The  following  classes  of 
salts  are,  as  a  rule,  soluble  in  water  : — Nitrates,  excepting  a  few 
superbasic  salts ;  acetates,  except  acetate  of  silver,  which  is  only 
sparingly  soluble ;  chlorides,  except  chloride  of  silver,  which  is 
insoluble  in  boiling  nitric  acid,  and  mercurous  chloride,  or 
calomel,  which  dissolves  in  boiling  nitric  acid  with  conversion 
into  a  mercuric  salt :  chloride  of  lead  is  moderately  soluble  in 
boiling,  though  very  sparingly  soluble  in  cold  water.  Sulphates, 
except  those  of  barium,  strontium,  and  lead,  which  last  is  soluble 
in  boiling  hydrochloric  acid  :  the  sulphates  of  silver  and  calcium 
also  are  only  sparingly  soluble.  The  following  classes  of  salts 
are,  as  a  rule,  insoluble  in  water : — Oxides  or  hydrates,  and 
sulphides  or  sulphydrates,  except  those  of  the  alkali-  and  alkaline 
earth-  metals,  and  the  sulphydrate  of  magnesium ;  also  car- 
bonates, phosphates,  and  oxalates  in  general,  except  those  of  the 
alkali  metals,  and  many  hyperacid  salts. 

The  presence  of  any  particular  acid  is  indicated  more  or  less 
certainly  by  the  behaviour  of  the  substance  when  gently  heated 
in  the  solid  state  with  three  or  four  times  its  bulk  of  strong 
sulphuric  acid,  and  when  under  examination  for  the  detection  of 
its  metallic  constituent. 

The  most  usual  decomposition  which  takes  place  between  sul- 
phuric acid  and  the  salt  of  a  more  volatile  or  feeble  acid  consists 
in  an  exchange  of  the  hydrogen  of  the  sulphuric  acid  for  the 
metal  of  the  salt,  thus  : 
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HaS04     +     NaCl       =       NaHS04     +     HC1 
HaS04     +     KNO?     =        KES04     +     HN03. 

Reactions  similar  to  the  above  take  place  with  the  salts  of 
nearly  all  acids,  provided  the  sulphuric  acid  employed  is  not  too 
strong,  and  the  heat  not  too  great;  but  with  ordinary  oil  of 
vitriol,  especially  at  a  somewhat  high  temperature,  the  liberated 
acids  themselves  often  undergo  a  partial  or  complete  decomposi- 
tion. 

The  tartaric  and  citric  acids,  for  instance,  are  destroyed  with 
more  or  less  charring.  The  nitric  and  chloric  acids  yield  the 
peroxides  of  nitrogen  and  of  chlorine  respectively,  thus  : 

2HN03       =      HaO     +     Na04     +     0 
2HC103      =       HaO     +     C1204    +     0 

except  that,  in  the  former  case,  the  decomposition  is  but  slight, 
while  in  the  latter,  the  separated  oxygen  converts  another  portion 
of  the  chloric  into  perchloric  acid. 

Oxalic  acid  breaks  up  into  water,  carbonous  oxide,  and  carbonic 
anhydride,  thus: 

HaCa04       =       HaO     +     CO     +     GO,. 

The  hydrobromic,  hydroiodic,  and  sulphydric  acids  are  decom- 
posed with  liberation  of  bromine,  iodine,  and  sulphur,  respec- 
tively, thus  : 


+     HaS04       =       2HaO     +     S0a     +     Bra 
2HI       +     HaS04       =       2HaO     +     S0a     +     Ia 
HaS      +     HaS04       =       2HaO     +     S0a     +     S 

Hydrocyanic  acid  yields  acid-sulphate  of  ammonia  and  carbon- 
ous oxide,  thus  : 

HCN     +     HaO     +     HaS04       =>      CO     +     NH3.HaS04. 

(46.)  In  the  following  table  the  principal  acids  are  classified 
according  to  the  behaviour  of  their  salts  when  under  examination 
for  bases,  and  when  warmed  with  strong  sulphuric  acid  : 
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TABLE  IV. — PRELIMINARY  TESTING  FOR  ACIDS. 


a.  Indicated  during 
previous  examina- 
tion. 

/3.  Corroborated 
by  sulphuric 
acid. 

y.  Also  react  with 
sulphuric  acid. 

8.  No  obvious 
effect  with  sul- 
phuric acid. 

ARSENATES  )  React 

NITRATES.     Brown 

CHLORIDES.  Pungent 

BORATES.      Give 

CHROMATES  J  withH^S 

acid  vapours  with 

acid  fumes.     With 

green  flame  with 

copper 

MnOz    evolve  chlo- 

alcohol 

rine 

NITRATES     \   Defla- 
CHLORATES  j"  grate 

CHLORATES.  Brown 
ing  and  crackling 

BROMIDES.        Brown 
fumes,  which  bleach 

OXALATES  |  Effer- 
CYANIDES  J  vesce? 

detonation 

litmus,    and     turn 

starch  yellow 

PHOSPHATES  \ 

ARSENATES    j 

TARTRATES  i 
CITRATES     JChar 

TARTRATES  ) 
CITRATES     }  Char 

IODIDES.     Violet  va- 
pours,   which  turn 
starch  paper  purple. 

SULPHATES    >• 
SILICATES 
OXIDES          j 

CARBONATES    >,  Effer- 

CARBONATES  ^ 

FLUORIDES.  Pungent 

SULPHIDES        1  vesce 

SULPHIDES    'Effer- 

acid   fumes,  which 

SULPHTFES,  &c.  [with 

SULPHITES      )  V68Ce 

etch  glass 

PEROXIDES       >  HC1 

ACETATES.    Acid  va- 

, 

pour.    With  alcohol 

PERSULPHIDES  \  5  5 

yield  acetic  ether 

SILICATES         [e>6 

BORATES           j  ^Sw 

BENZOATES      J  £|j 

'  0 

(47.)  a.  Deflagration  of  the  substance,  when  heated  upon 
charcoal  before  the  blowpipe,  shows  the  probable  presence  of  a 
nitrate  or  chlorate. 

Charring  of  the  substance,  when  heated  upon  platinum  foil 
or  charcoal,  usually  indicates  the  presence  of  a  tartrate  or 
citrate. 

Effervescence  from  the  substance,  when  its  solution  is  being 
effected  in  hydrochloric  acid,  occurs  with  several  classes  of 
salts. 

With  nearly  all  carbonates  there  is  evolution  of  carbonic 
anhydride,  thus  : 


aHCl     +     CaCO,       =       CaCL, 


HaO 


CO,. 
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The  gas  is  free  from  any  marked  smell,  and  renders  lime  water 
milky  (vide  par.  84). 

With  many  sulphides  there  is  evolution  of  sulphydric  acid  or 
sulphuretted  hydrogen,  thus  : 


+     FeS          =         Fe'CL,     +       H2S 
6HC1     +     SbaS3       =       2SbCl3     +     sHaS. 

The  gas  smells  most  offensively,  and  turns  lead  paper  of  a  black 
or  brown  colour. 

With  sulphites  and  hyposulphites  (vide  par.  94)  there  is 
evolution  of  sulphurous  anhydride,  thus  : 


+     Na,S03       =       aNaCl     +     HaO     +     S0a. 

The  gas  has  the  peculiar  suffocating  smell  of  burning  sulphur, 
and  produces  a  purple  discolouration  on  starch  paper  moistened 
with  iodic  acid  solution. 

With  peroxides  there  is  evolution  of  chlorine,  thus: 

4HCi     +     MnOa       =       2HaO     +     MnCla     +     Cla. 

The  gas,  which  has  a  greenish  colour  and  characteristic  irrita- 
ting smell,  produces  a  purple  colouration  on  starch  paper  moist- 
ened with  iodide  of  potassium. 

Similar  effects  are  observable  on  acidifying  with  hydrochloric 
acid  the  strong  aqueous  solutions  of  soluble  carbonates,  sulphides 
or  sulphydrates,  sulphites,  and  hyposulphites  ;  but  the  evolution 
of  chlorine  under  these  circumstances  would  probably  be  due  to 
the  presence  of  a  hypochlorite.  Moreover,  most  simple  cyanides, 
and  the  strong  aqueous  solutions  of  such  of  them  as  are  soluble, 
effervesce  when  warmed  with  hydrochloric  acid,  from  an  evolu- 
tion of  hydrocyanic  acid  gas,  known  by  its  characteristic  smell, 
and  by  its  behaviour  with  sulphide  of  ammonium,  &c.  (vide  par. 
99)- 

HC1     +     KCN      =      KC1     +     HCN. 

The   aqueous  solutions  of  certain  salts  when   acidified  with 
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hydrochloric  acid  yield  precipitates  due,  not  to  the  metals  silver, 
lead,  and  mercury,  but  to  the  acids  of  the  respective  salts. 

With  persulphides  there  is  formed  a  yellowish  white 
turbidity  from  liberated  sulphur,  always  accompanied,  however, 
by  an  evolution  of  sulphuretted  hydrogen  : 

2HC1     +     KaSa       =       aKCl     +     HaS     +     S. 

With  hyposulphites,  there  is  gradually  produced  a  more  de- 
cidedly yellow  precipitate  of  sulphur,  and  an  evolution  of 
sulphurous  anhydride,  thus: 


+     NaaSa03       =       2NaCl     +     HaO     +     S0a     +     S. 

With  soluble  silicates  there  is  produced  a  gelatinous  precipi- 
tate of  silica,  which  separates  out  more  completely,  and  becomes 
gritty  on  evaporation  : 


+     KaSi03       =       aKCl     +     HaO     +     SiOa. 

Borates  and  benzoates,  if  sufficiently  concentrated,  yield 
crystalline  precipitates  of  boric  and  benzoic  acids  respectively, 
which  dissolve  in  boiling  water,  and  crystallise  out  again  on 
cooling  : 

HC1     +     NaH5(B03)a       =       NaCl     +     2H3B03 
HC1     +     KE5C7Oa  =       KC1       +       H6C7Oa. 

In  testing  for  bases  of  the  first  group,  by  treating  the  acidi- 
fied solution  of  the  substance  with  sulphuretted  hydrogen,  strong 
evidence  of  the  presence  of  arsenates  or  chromates  may  also  be 
afforded.  Acidified  solutions  of  arsenates  slowly  yield  a 
yellow  precipitate  of  mixed  trisulphide  of  arsenic  and  sulphur, 
thus: 


s04     =     8HaO    +    aKCl    +    AsaS3    +    Sv 

Acidified   solutions   of  chromates   yield   a   yellowish-  white 
deposit  of  sulphur,  while  the  colour  of  the  liquid  changes  from 
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orange-red  to  green,  owing  to  the  reduction  of  the  chromic  acid 
to  the  state  of  a  chrome-salt,  thus  : 

3H,S     +      6HC1     +     2Cr63       =       6HZ0     +     2CrCl3     +     S3. 

(48.)  (3.  Nitrates,  when  heated  with  sulphuric  acid,  give  off 
nitric  acid  vapours,  sometimes  having  a  brownish  tint  from  the 
presence  of  peroxide  of  nitrogen.  On  the  addition  of  a  few 
copper  turnings  the  brown  colour  becomes  very  marked,  from  the 
evolution  of  colourless  nitric  oxide  Na02,  and  its  immediate  con- 
version into  brown  peroxide  of  nitrogen  NZ04,  by  an  absorption 
of  atmospheric  oxygen  : 

3H2S04     +     sCu     + 

The  vapour,  whether  before  or  after  the  addition  of  copper, 
has  a  characteristic  nitrous  smell,  reddens  litmus  paper,  and  gives 
a  purple  colouration  to  starch  paper  moistened  with  iodide  of 
potassium  : 


Chlorates  react  somewhat  violently  with  sulphuric  acid,  pro- 
ducing an  immediate  browning,  and,  either  at  once  or  on  the 
slightest  application  of  heat,  a  crackling,  or  even  loud  detona- 
tion, from  the  breaking  up  of  the  peroxide  of  chlorine  first 
liberated. 

Tartrates  and  citrates  undergo  more  or  less  charring,  the 
tartrates  becoming  thoroughly  blackened,  the  citrates  merely 
browned. 

Carbonates,  sulphites,  and  sulphides  effervesce  with  sulphuric 
as  with  hydrochloric  acid  ;  except  that  in  the  last  case  some  of 
the  liberated  sulphydric  acid  reacts  with  the  excess  of  sulphuric 
acid  to  form  sulphur,  water,  and  sulphurous  anhydride,  as  already 
described  (vide  par.  45). 

y.  Most  chlorides  when  warmed  with  sulphuric  acid  evolve 
hydrochloric  acid  gas,  which  reddens  litmus  paper,  and  has  a  well 
characterised  pungent  smell.  On  the  addition  of  a  little  peroxide 
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of  manganese,  chlorine  is  evolved,  recognisable  by  its  peculiar 
irritant  smell : —  '•:  ? 

H3S04     +     MnOa     +     zHCl       =       MnS04     +     2H30     +     Cla. 

It  bleaches  litmus,  and  produces  a  purpling  of  starch  paper 
moistened  with  iodide  of  potassium  solution. 

Bromides  evolve  a  mixture  of  hydrobromic  acid  with  bromine 
vapour,  the  latter  recognisable  by  its  brown  colour,  irritant 
smell,  and  power  of  bleaching  litmus. 

Iodides  yield  iodine  vapour,  recognisable  by  its  violet  colour, 
and  by  its  rendering  starch  paper  purple. 

Fluorides  give  off  pungent  fumes  of  hydrofluoric  acid,  which 
redden  litmus  and  etch  glass  (vide  par.  106). 

Acetates  give  off  acetic  acid  vapours,  which  redden  litmus. 
On  the  addition  of  a  little  alcohol  the  original  sour  smell  of  the 
acid  is  changed  into  the  fruity  smell  of  acetic  ether. 

8.  B orates  do  not  react  visibly  with  sulphuric  acid,  but  on 
adding  alcohol,  and  then  setting  fire  to  the  mixture  in  a  capsule, 
the  flame  presents  a  marked  green  colour. 

Oxalates  and  cyanides  are  decomposed  by  heated  sul- 
phuric acid  with  liberation  of  carbonous  oxide  gas,  accompanied 
in  the  case  of  the  former  salts  with  carbonic  anhydride ;  but  as 
the  evolution  of  gas  is  liable  to  be  overlooked,  and  the  gas  itself 
does  not  present  any  striking  property,  the  oxalates  arid  cyanides 
are  here  included  among  the  salts  with  which  sulphuric  acid  pro- 
duces no  obvious  effect. 

Phosphates,  arsenates,  sulphates,  silicates,  andoxides 
do  not  react  visibly  with  sulphuric  acid  ;  except  that  with  some 
peroxides  there  is  evolution  of  oxygen,  transformable  into  that  of 
chlorine  on  the  addition  of  chloride  of  sodium  or  hydrochloric  acid. 

(49.)  The  various  liquid  tests  for  the  acids  should  be  applied 
by  preference  to  an  aqueous  solution  of  the  original  substance. 
But  if  insoluble  in  water,  and  consequently  neither  a  nitrate  nor 
a  chloride,  it  may  be  dissolved  .in  dilute  nitric  or  hydrochloric 
-acid,  and  the  tests  applied  to  the  solution  so  formed. 
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The  presence  of  certain  basic  metals  interferes  occasionally 
with  the  described  reactions  of  several  of  the  acids.  Thus  solu- 
tion of  hydrochloric  acid  or  any  chloride,  when  tested  with 
nitrate  of  silver,  gives  a  white  precipitate  of  chloride  of  silver, 
said  to  be  readily  soluble  in  ammonia.  But  on  adding  nitrate  of 
silver  to  solution  of  mercuric  chloride,  and  treating  the  resultant 
white  precipitate  with  ammonia,  there  is  no  obvious  solution  pro- 
duced, because,  although  the  precipitated  chloride  of  silver  does 
actually  and  completely  dissolve,  a  white  insoluble  mercuram- 
monium  compound  is  simultaneously  thrown  down  from  the 
mutual  reaction  of  the  ammonia  and  mercuric  salt. 

Bearing  in  mind,  however,  the  interference  likely  to  be  pro- 
duced by  the  presence  of  the  particular  metal  previously  detected, 
the  tests  for  sulphuric,  hydrochloric,  and  nitric  acids  can  for  the 
most  part  be  satisfactorily  applied  to  any  of  their  salts. 

But  in  testing  for  phosphoric,  oxalic,  and  tartaric  acids  more 
particularly,  and  for  other  acids  when  any  difficulty  occurs,  it  is 
important  that  the  base  of  the  salt  should  be  one  of  the  alkali 
metals,  potassium,  or  sodium,  or  ammonium. 

The  bases  of  the  first  group  may  be  got  rid  of  by  saturating 
the  solution  with  sulphuretted  hydrogen  gas,  filtering,  evaporating 
the  filtrate  until  it  ceases  to  smell,  and  neutralising  it  with  car- 
bonate of  sodium  or  potassium. 

The  bases  of  the  second  group,  together  with  barium,  stron- 
tium, calcium,  and  magnesium,  may  be  removed  by  adding  to  the 
acidulous,  or  occasionally  to  the  aqueous,  solution  of  the  substance 
an  excess  of  carbonate  of  sodium  or  potassium,  boiling  for  some 
time,  and  filtering.  The  filtrate  can  afterwards  be  neutralised 
with  nitric  or  hydrochloric  acid,  which  may  be  conveniently 
added  drop  by  drop  from  a  pipette. 

(50.)  The  following  abridged  table  shows  the  action  of  some 
general  reagents  upon  the  dissolved  salts  of  the  principal  acids. 
By  its  aid  and  that  of  the  preceding  table,  the  student  will  rarely 
have  much  difficulty  in  quickly  discovering  the  acid  constituent 
of  his  substance,  although,  indeed,  the  course  of  examination  is 
not  so  systematic  as  that  for  the  bases.  A  more  complete  table 
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for  the  detection  of  the  acids  would  include  the  reactions  of  a  few 
organic  salts  of  comparatively  rare  occurrence,  such  as  the  formates, 
succinates,  citrates,  meconates,  gallates,  tannates,  and  ferrid- 
cyanides  ;  of  a  few  mineral  salts  of  similarly  rare  occurrence, 
namely,  the  iodates,  seleniates,  and  silico-fluorides ;  of  .a  few 
mineral  salts  rarely  met  with  in  the  soluble  form,  namely,  silicates 
and  fluorides ;  and  of  the  previously  detected  arsenates.  It  would 
also  mention  the  several  precipitates  given  by  nitrate  of  silver  and 
nitrate  of  barium  respectively,  which  disappear  on  acidification, 
and  have,  as  a  rule,  but  little  practical  interest. 

TABLE  V. — COURSE  FOE  DETECTION  or  THE  ACIDS. 


a.  NlTRATK  OF 
SlLVEB 

/3.  NITRATE  OP 
BARIUM 

•y.  CHLORIDE  OP 
CALCIUM 

e.  PERCHLORIDE 
OP  IRON 

From  acid  solutions 
CHLORIDES  \ 
CYANIDES   L  White 
BROMIDES  J 
IODIDES.    Yellow 
SULPHIDES.    Black 

From  acid  solutions 
SULPHATES.    White 

From  non-acid  sols. 
CHROMATES.  Yellow 

CARBONATES  \ 
[White 
SULPHITES    j 
&c.,  &c. 

From  acetic  acid  sols. 
OXALATES.    White 

From  neutral  sols. 
TARTRATES.    White 

From  acid  solutions. 

FERROCYANIDES. 
D.  blue  pp. 

SULPHOCYANIDES. 

D.  red  colour. 

From  neutral  sols. 
BORATES     |L>brown 

BENZOATEsJ        PP' 

ACETATES.    D.  red 
colour 

8.  SULPHATE  OP 
MAGNESIUM 

From  ammon.  sols. 
PHOSPHATES.  White 

(51.)  a.  Nitrate  of  silver  causes  precipitates  in  the  solutions  of 
very  many  classes  of  salts,  the  majority  of  silver  salts  being  more 
or  less  insoluble  in  water.  The  reactions  consist  in  an  exchange 
of  the  silver  of  the  nitrate  of  silver  for  the  metal  or  quasi-metal 
of  the  dissolved  salt  under  examination,  as  illustrated  by  the 
following  examples  : — 


AgN03 

3AgN03 
aAgN03 

3AgN03 


KI 

FeCl3 
(NH4)A04     = 

Na8HP04     = 


KN03 

Fe(N03)3 


Agl 

3AgCl 
AgA04 


HNO, 
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All  the  precipitates  produced  by  nitrate  of  silver  disappear  upon 
the  addition  of  nitric  acid,  or  do  not  form  in  presence  of  .free 
nitric  acid,  except  the  chloride,  cyanide,  bromide,  iodide,  and 
sulphide. 

With  chlorides  the  silver  precipitate  is  white,  becoming 
slate-coloured  on  exposure  to  light,  and  soluble  in  ammonia 
before  discolouration.  Upon  heating  the  original  substance  with 
peroxide  of  manganese  and  sulphuric  acid,  chlorine  gas  is  evolved. 

With  simple*  cyanides  the  silver  precipitate  is  white,  soluble 
in  ammonia,  and  in  boiling  concentrated  nitric  acid  :  a  portion  of 
the  precipitate  washed  by  decantation  may  be  treated  with  yellow 
sulphide  of  ammonium,  whereby  sulphide  of  silver  and  sulpho- 
cyariate  of  ammonium  are  produced,  which  last  strikes  a  deep  red 
colour  on  the  addition  of  a  ferric  salt.  An  excess  of  sulphide  of 
ammonium  must  be  avoided,  or  afterwards  got  rid  of  by  evapo- 
rating to  dry  ness. 

With  bromides  the  silver  precipitate  is  white,  and  with  diffi- 
culty soluble  in  ammonia.  Bromine  is  liberated  from  the  original 
salt,  when  treated  with  sulphuric  acid,  and  from  the  solution  of  the 
salt  when  treated  with  a  few  drops  of  nitro-hydrochloric  acid  or 
chlorine- water,  whereby  the  liquid  assumes  a  red -brown  colour 
rendered  more  evident  upon  the  addition  of  a  little  ether  or 
chloroform,  which  dissolves  out  the  bromine  to  form  a  deep  brown 
stratum. 

With  iodides  the  silver  precipitate  has  a  pale  yellow  colour, 
and  is  insoluble  in,  but  turned  white  by,  ammonia.  Iodine  is 
liberated  from  the  salt  when  treated  with  sulphuric  acid,  and  from 
the  solution  of  the  salt  when  treated  with  a  few  drops  of  yellow 
nitric  or  nitro-hydrochloric  acid  or  chlorine- water,  its  presence 
being  manifested  by  the  purple  colour  it  produces  on  starched 
pap<-r,  or  with  dilute  starch  paste  added  to  the  liquid,  or  by  the 
pink  or  crimson  colour  it  imparts  to  chloroform. 

*  Ferrocyanide  and  sulphocyanate  of  silver  occur  as  white  precipitates, 
and  the  ferridcyanide  as  a  brown  precipitate,  all  unaffected  by  nitric  acid, 
but  soluble  ferrocyanides,  ferridcyanides,  and  sulphocjanates  are  recog- 
nised immediately  by  their  behaviour  with  iron  solutions. 


98  EXAMINATION   FOR   ACIDS. 

With  sulphides  the  silver  precipitate  is  black,  and  insoluble 
in  ammonia,  but  soluble  in  boiling  nitric  acid.  Nitro-prusside 
of  sodium  added  to  an  alkaline  sulphide  produces  a  deep  purple 
colouration. 

Of  the  silver  precipitates  which  disappear  on  acidification  with 
nitric  acid,  the  hydrate  is  brown,  the  chromate  dark  red,  the  ar- 
senate  brick-red,  the  phosphate  bright  yellow,  though  sometimes 
white,  the  carbonate  pale  yellow,  and  the  rest  white.  The  oxa- 
late  is  insoluble  in  acetic  acid  ;  the  acetate  is  thrown  down  from 
concentrated  solutions  only  ;  the  tartrates,  formates,  and  sul- 
phites are  reduced  to  the  metallic  state  on  boiling ;  while  the 
borates,  benzoates,  and  citrates  do  not  exhibit  any  characteristic 
property. 

(52.)  (3.  Nitrate  or  chloride  of  barium  precipitates  the  solutions 
of  many  classes  of  salts,  most  barium  salts  being  insoluble  or 
sparingly  soluble  in  water.  The  reaction  consists  in  an  exchange 
of  the  barium  of  the  nitrate  or  chloride  of  barium  for  the  metal 
or  quasi-metal  of  the  salt  under  examination,  thus  : 

Ba(N03),      +     NaaS04       =  2NaN03     +     BaS04 

Bad,  +     KHS04       =       KC1     +     HC1     +     BaS04 

With  sulphates  the  barium  precipitate  is  white,  and,  if  in 
any  quantity,  opaque.  It  does  not  disappear  upon  the  addition 
of  nitric  or  hydrochloric  acid,  but  is  nevertheless  slightly  soluble 
in  concentrated  nitric  acid.  The  seleniate  and  silicofluoride  of 
barium  also  occur  as  white  precipitates  unaffected  by  acidification, 
(vide  par.  95).  Of  the  barium  precipitates  which  dissolve  in  nitric 
or  hydrochloric  acid,  the  chromate  is  yellow  and  the  remainder 
are  white.  The  carbonate  and  sulphite  dissolve  with  effervescence. 
The  arsenate,  borate,  and  tartrate  do  not  form  in  the  presence 
of  ammoniacal  solutions,  and,  when  once  thrown  down,  disappear 
more  or  less  readily  on  the  addition  of  chloride  of  ammonium. 
The  oxalate  and  phosphate  exhibit  no  characteristic  properties. 

(53.)  y.  With  a  few  exceptions,  chloride  of  calcium  causes 
precipitates  with  the  several  classes  of  salts  which  are  precipitated 
by  chloride  or  nitrate  of  barium ;  but  while  sulphate  of  barium 
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is  much  more  insoluble  in  water  and  acids  than  sulphate  of  cal- 
cium, oxalate  of  calcium  is  more  insoluble  in  water,  and  especially 
in  acetic  acid,  than  oxalate  of  barium. 

With  solutions  ofoxalates  in  which  there  is  no  free  mineral 
acid,  chloride  or  sulphate  of  calcium  produces  an  opaque  white 
precipitate  of  oxalate  of  calcium,  the  deposition  of  which,  when  in 
small  quantity,  may  be  facilitated  by  stirring: 


CaCla     +     KaCa04       =       zKCl     +     CaCa04. 

The  precipitate  is  insoluble  in  ammonia  and  in  acetic  acid,  but 
soluble  in  dilute  nitric  or  hydrochloric  acid.  Its  solubility  in 
mineral  acids  distinguishes  it  from  sulphate  of  calcium,  which  is 
occasionally  thrown  down  by  chloride  of  calcium  from  strong 
solutions  of  sulphates,  as  does  also  its  property  of  effervescing 
with  sulphuric  acid  and  peroxide  of  manganese;  while  its  insolu- 
bility in  acetic  acid  distinguishes  it  from  the  phosphate,  tartrate, 
carbonate,  and  other  salts  of  calcium  insoluble  in  water. 

The  solution  to  be  tested  for  oxalic  acid  with  chloride  of  cal- 
cium may  be  alkaline,  or  neutral,  or  acid  from  acetic  acid  only. 
If  an  alkaline  carbonate  is  present  from  its  employment  in  pre- 
paring the  solution,  it  should  be  neutralised  with  acetic  or  hydro- 
chloric acid.  If  an  excess  of  mineral  acid  is  present,  it  may 
either  be  neutralised  with  ammonia,  or  acetate  of  ammonia  may 
be  added,  whereby  the  free  mineral  acid  is  replaced  by  free  acetic 
acid,  thus  : 

HOI     +     (NH4)H3CaOa       =       NH4C1     +     H4CaOa; 

but  in  practice  it  is  better  to  add  the  ammonia  and  acetic  acid 
separately. 

In  neutral  solutions  of  tartrates,  chloride  of  calcium  gives  a 
white  precipitate  of  tartrate  of  calcium,  soluble  even  in  acetic 
acid: 

CaCL,     -h     KNaH4C406       =       KC1     +     NaCl     +     CaH4C406. 

On  digesting  the  precipitate  with  potash,  filtering,  and  boiling 
the  filtrate,  a  white  turbidity  is  produced,  which  disappears  on* 

H  2 
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cooling.  This  behaviour  with  potash  distinguishes  the  tartrate 
from  the  phosphate  and  other  insoluble  salts  of  calcium.  Tartrate 
of  calcium  is  not  thrown  down  in  the  presence  of  much  ammoniacal 
•salt. 

(54.)  3.  Although  phosphate  solutions  are  precipitated  alike 
by  nitrate  of  silver,  nitrate  of  barium,  chloride  of  calcium,  sul- 
phate of  magnesium,  and  perch loride  of  iron,  it  is  the  magnesian 
precipitate  more  especially  which  is  characteristic  of  phosphoric 
acid.  From  a  neutral  or  alkaline  phosphate  solution,  a  mixture 
of  sulphate  of  magnesium,  chloride  of  ammonium  and  ammonia 
throws  down  a  white  crystalline  precipitate  of  phosphate  of 
ammonium  and  magnesium,  thus  : 

MiS04     +     NH3     +     NaaHP04       =       NaaS04     +     NH4M'gP04. 

In  common  with  all  magnesian  precipitates,  it  is  readily  soluble 
in  acids ;  but,  unlike  any  other  magnesian  salt,  except,  the  arse- 
nate,  it  is  insoluble  in  ammonia  and  ammoniacal  salts.  The  yellow 
precipitate  given  with  nitrate  of  silver  is  a  useful  confirmatory 
test,  as  is  also  the  reaction  with  molybdate  of  ammonium  (vide 
par.  loo),  although  this  last  is  common  to  the  phosphoric  and 
arsenic  acids. 

(55.)  e.  Percliloride  of  iron,  which,  for  most  purposes,  should 
be  free  from  any  excess  of  acid,  causes  precipitates  or  characteristic 
alterations  of  colour  in  the  solutions  of  very  many  classes  of  salts, 
among  which  may  be  mentioned  the  following : — 

With  ferro cyanides  a  dark  blue  precipitate  of  Prussian 
blue,  Fe7Cyl8  or  3Fe"Cya.4Fe'"Cy3,  is  thrown  down;  while  with  sul- 
phocyanates  a  dark  red  colour,  due  to  ferric  sulphocyanate 
Fe(CyS)3,  is  developed,  neither  of  which  results  is  affected  by  the 
addition  of  hydrochloric  acid.  With  n  utral  bo  rates,  benzo- 
ates,  or  phosphates,  there  is  produced  a  pale  brown  precipi- 
tate of  borate,  benzoate,  or  phosphate  of  iron,  which  disappears 
on  the  addition  of  hydrochloric  acid.  The  phosphate,  however, 
Fe"'P04,  is  scarcely  affected  by  acetic  acid,  save  in  presence  of  a 
large  excess  of  iron. 

With  neutral  acetates  and  sulphites,  there  is  produced  a 
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dark  reddish-brown  colouration,  which  disappears  on  the  addition 
of  hydrochloric  acid,  or  on  boiling:  in  the  latter  case  with  forma- 
tion of  a  red-brown  turbidity. 

Nitrates  and  chlorates  are  unaffected  by  any  of  the  general 
reagents  mentioned  in  the  table. 

(56.)  Although  nearly  all  of  the  acids  react  more  or  less  cha- 
racteristically with  several  reagents  as  above  described,  the 
following  list  of  acids  or  salts,  with  the  tests  by  which  their 
presence  is  more  particularly  indicated  or  established,  may 
prove  useful  to  the  student : — 

Reaction  with  sulphydric  acid. 
I    Deflagration  on  charcoal,  and  reaction  with  sulphuric  acid. 


CHROMATES 

NITRATES 

CHLORATES 

CARBONATES 

SULPHIDES 

SULPHITES 

SULPHATES 

CHLORIDES 
BROMIDES 
IODIDES 
CYANIDES 

PHOSPHATES 

OXALATES 
TARTRATES 

ACETATES 
BENZOATES 

BORATES 

FLUORIDES 

SILICATES 


1-    Effervescence  with  acids. 

Precipitation  by  chloride  of  barium. 

|-    Precipitation  by  nitrate  of  silver. 

Precipitation  by  sulphate  of  magnesium, 
j-    Precipitation  by  chloride  of  calcium. 

!•    Reaction  with  perchloride  of  iron. 
\    Special  tests. 


In  the  paragraphs,  89  to  107,  describing  the  several  reactions 
of  the  individual  acids,  the  order  of  the  above  list  is  adopted. 
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§  VII.— SPECIAL  SUBSTANCES. 

(57.)  It  being  scarcely  possible  to  give  general  rules  that 
shall  apply  to  every  particular  case,  there  yet  remain  for  con- 
sideration certain  compounds,  the  detection  of  which  according  to 
the  directions  of  the  preceding  tables  is  impracticable,  or  difficult, 
or  liable  to  fallacy.  There  are  some  few  substances,  for  instance, 
which  are  insoluble  in  all  ordinary  menstrua,  and  which  must 
consequently  be  submitted  to  special  modes  of  treatment,  so  that 
they  may  be  transformed  into  new  and  soluble  combinations. 
Again,  there  are  those  compounds  of  barium,  strontium,  calcium, 
and  magnesium,  which  are  precipitated  by  sulphide  of  ammonium 
along  with  the  members  of  the  second  group,  and  which  are 
known  by  the  laboratory-name  of  earthy  salts.  There  are  also 
the  oxides,  or  compounds  without  an  acid,  and  the  acids  or  com- 
pounds without  a  base  other  than  hydrogen,  together  with  two 
or  three  miscellaneous  bodies.  A  lew  remarks,  moreover,  are 
appended  on  the  examination  of  substances  in  the  dissolved  or 
liquid  condition,  and  on  the  solubility  of  the  heavy  metals  in 
alkaline  solutions. 

(58.)  INSOLUBLE  COMPOUNDS. 

Many  substances  are  known  which  do  not  dissolve  in  water  or 
in  any  ordinary  acid,  or  in  any  combination  of  acids,  even  with 
the  aid  of  heat.  Among  bodies  of  this  class,  the  following  are 
most  likely  to  come  under  the  notice  of  the  student:  namely, 
peroxide  of  tin  ;  peroxide  of  antimony;  chloride,  bromide,  and 
iodide  of  silver  ;  the  sulphates  of  barium,  strontium,  and  perhaps 
lead  ,  chromic  oxide  ;  alumina  and  some  aluminates ;  with  silica 
and  some  silicates.  Several  of  these  bodies  may  be  met  with  in 
the  soluble  as  well  as  the  insoluble  form,  but  the  silver  com- 
pounds and  earthy  sulphates  are  always  alike  insoluble.  Sul- 
phate of  strontium,  however,  though  practically  insoluble,  dis- 
solves sufficiently  in  water  to  form  a  solution  in  which  the  presence 
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of  sulphuric  acid  can  be  detected  by  the  addition  of  a  barium- 
salt.  Again,  sulphate  of  lead  dissolves,  though  not  very  readily 
or  to  any  great  extent,  in  boiling  hydrochloric  acid,  forming  a 
solution  from  which  chloride  of  lead  crystallises  out  on  cooling. 
For  analytical  purposes  these  more  or  less  insoluble  bodies  may 
be  classified  into  compounds  of  heavy  metals  easily  recognisable 
before  the  blowpipe  (a),  and  earthy  compounds  for  whose  satis- 
factory identification  a  further  examination  is  required  (fi). 

a.  The  insoluble  compounds  of  tin,  antimony,  silver,  and 
lead,  when  mixed  with  cyanide  flux  and  heated  on  charcoal 
before  the  blowpipe,  yield  beads  of  metal  distinguishable  from 
one  another  by  their  appearance,  texture,  behaviour  with  acids, 
and  freedom  from,  or  association  with,  incrustations  of  definite 
character  (vide  par.  26,  t).  The  sulphuric  acid  of  the  insoluble 
lead  compound  may  be  recognised  by  boiling  it  with  a  solution 
of  carbonate  of  sodium  or  of  potassium,  filtering,  and  testing  the 
clear  filtrate,  with  nitric  acid  and  nitrate  of  barium,  for  the  pre- 
sence of  any  alkaline  sulphate  resulting  from  the  decomposition 
of  the  original  sulphate  of  lead,  thus  : 

PfcS04     +     NaaC03       =       Na,S04     +     £bC03. 

The  chlorine,  bromine,  or  iodine  of  the  insoluble  silver  com- 
pound may  be  detected  by  fusing  the  compound  with  a  mixture 
of  the  carbonates  of  sodium  and  potassium  in  a  small  porcelain 
capsule  or  iron  spoon,  and  treating  the  resulting  saline  mass  with 
sulphuric  acid  and  peroxide  of  manganese,  or  the  solution  of 
the  mass  with  nitric  acid  and  nitrate  of  silver.  By  fusing  the 
chloride,  bromide,  or  iodide  of  silver  with  carbonated  alkali,  the 
halogen  is  transferred  from  the  silver  to  the  alkali  metal,  thus:  — 


aAgCl     +     NaaC03       =       aNaCl     +     Aga     +     C0a     +     0. 

Chromic  oxide  is  known  by  its  dull  green  colour,  by  the 
bright  green  colour  it  imparts  to  the  borax  bead,  and  by  the 
yellow  mass  of  alkaline  chi  ornate  into  which  it  is  converted  by 
fusion  with  a  little  nitre  and  carbonate  of  sodium.  This  mass 
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may  be  dissolved  in  water,  and  to  the  yellow  solution  so  formed 
the  ordinary  tests  for  chromic  acid  applied. 

/3.  The  remaining  insoluble  and  non-reducible  compounds  may 
be  recognised  by  the  following  process.  The  substance  in  the 
state  of  a  very  fine  powder,  and  mixed  with  three  or  four  times 
its  weight  of  the  carbonates  of  sodium  and  potassium,  is  fused  for 
some  time  on  a  platinum  capsule  or  on  platinum  foil,  whereby  a 
decomposition  of  the  kind  represented  below  is  effected : 

BaS04  +       NaaC03       =         NaaS04      +     !BaC03 

Aia(Si03)3     +      3NaaC03       =       3NaaSi03     +     A1Z03     +      sC02. 

By  boiling  the  fused  mass  in  water  and  filtering,  a  clear 
solution  is  obtained  containing  a  sulphate  or  silicate,  and  perhaps 
some  aluminate  of  sodium  ;  while  an  undissolved  residue  is  left 
upon  the  filter  consisting  of  alumina,  or  of  carbonate  of  barium  or 
strontium,  or  possibly  of  the  carbonate  or  oxide  of  some  other 
basylous  metal,  originally  existing  in  the  form  of  a  silicate  or 
aluminate.  This  residue,  after  being  washed  with  water,  is  dis- 
solved in  dilute  hydrochloric  acid,  and  the  resulting  solution 
tested  by  the  usual  reagents,  for  aluminum,  barium,  strontium, 
and  the  basylous  metals  generally. 

The  clear  filtrate  is  acidified  with  hydrochloric  acid,  and  a 
portion  of  it,  refiltered  if  necessary  from  any  deposit  caused  by 
the  acidification,  tested  for  sulphuric  acid  by  means  of  nitrate  or 
chloride  of  barium.  The  remainder,  whether  or  not  turbid  from 
the  acidification,  must  be  evaporated  to  dryness,  gently  heated, 
and  again  acted  upon  with  hydrochloric  acid  and  water.  Any 
undissolved  gritty  residue  will  consist  of  silica,  which  may  be 
further  identified  by  fusion  with  a  bead  of  carbonate  of  sodium 
before  the  blowpipe ;  while  any  alumina  contained  in  the  hydro- 
chloric acid  solution  will  be  thrown  down  on  neutralisation  with 
ammonia. 
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(59.)  EARTHY  SALTS. 

These  compounds  being  insoluble  in  water  are  precipitated 
unchanged  from  their  acidulous  solutions  upon  the  addition 
thereto  of  any  alkaline  hydrate,  carbonate,  or  sulphide ;  whence 
their  occurrence  among  members  of  the  second  group  of  bases. 
Perphosphate  of  iron,  which  resembles  the  earthy  salts  in  the 
behaviour  of  its  acidulous  solution  with  alkaline  hydrates  and 
carbonates,  may  be  conveniently  associated  with  them,  thus  : 

a.  Iron         .  ."     ' .  ''.'•*       .        / "     Phosphate 
Barium     \  /Phosphate 

0.  Strontium^  ,        .        .        »        .. '    -1  Oxalate 
Calcium    i  \  Fluoride 

7.  Magnesium  « :••'•-  •  •  •  Phosphate 
The  identification  of  the  different  compounds  when  separated 
from  one  another  is  easily  effected  by  the  under- mentioned 
methods;  while  the  more  difficult  process  for  the  detection  of 
iron,  calcium,  magnesium,  and  phosphoric  acid  in  presence  of  one 
another  is  described  in  Chapter  IV. 

a.  In  the  original  acid  solution,  iron  may  be  detected  by  sul- 
phocyanate  or  ferridcyanide  of  potassium ;  and  phosphoric 
acid  by  molybdate  of  ammonium  and  nitric  acid.  After  any 
excess  of  mineral  acid,  more  than  sufficient  to  keep  the  substance 
in  solution,  has  been  neutralised  with  ammonia,  the  addition  of 
acetate  of  ammonium  produces  a  buff-coloured  precipitate  of 
phosphate  of  iron,  unless,  indeed,  the  ratio  of  phosphoric  acid  to 
iron  is  very  small. 

(3.  Barium  and  strontium  may  be  detected  in  the  original 
solution  by  means  of  sulphate  of  potassium,  and  be  distinguished 
by  the  different  behaviour  of  their  salts,  with  hydrofluo.silicic 
acid,  or  before  the  blowpipe.  Calcium  may  also  be  detected  in 
the  original  solution  by  the  addition  thereto  of  sulphate  of  potas- 
sium and  proof  spirit.  The  precipitated  sulphate  of  calcium  may 
be  collected  on  a  filter,  washed  with  proof  spirit,  dissolved  in  water, 
and  the  resulting  solution  teste.d  with  oxalate  of  ammonium. 
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Phosphoric  acid  may  be  detected  in  the  original  solution  by 
molybdate  of  ammonium  and  nitric  acid. 

Oxalic  acid  is  recognisable  by  the  effervescence  produced  on 
adding  dilute  sulphuric  acid  and  peroxide  of  manganese  to  the  ori- 
ginal substance.  Or  it  may  be  detected  by  boiling  the  original  acid 
solution  with  excess  of  carbonate  of  sodium,  filtering,  rendering 
the  filtrate  slightly  acid  with  acetic  acid,  and  then  adding  chloride 
of  calcium,  when  a  white  precipitate  of  oxalate  of  calcium  will  be 
produced.  Moreover,  like  phosphate  of  iron,  oxalate  of  calcium 
is  thrown  down  from  its  original  solution  in  hydrochloric  acid  by 
addition  of  acetate  of  ammonium. 

Fluorine  may  be  detected  by  treating  the  original  substance 
with  sulphuric  acid,  or  with  sulphuric  acid  and  silica  (vide  par. 
1 06). 

y.  Magnesium  in  any  form  is  not  precipitated  from  acid 
solutions  by  sulphate  of  potassium  and  proof  spirit,  or  by  acetate 
6f  ammonium ;  but,  in  presence  of  phosphoric  acid,  is  thrown 
down  from  its  acid  solution  by  excess  of  ammonia  as  a  white 
crystalline  deposit  of  triple  phosphate,  which  may  be  examined 
microscopically,  and  if  necessary  be  dissolved  in  acetic  or  hydro- 
chloric acid,  so  as  to  form  a  solution  that  may  be  submitted  to 
further  examination. 

(60.)  OXIDES  AND  SULPHIDES. 

The  oxides  are  generally  recognised  by  their  physical  proper- 
ties, and  by  their  not  answering  to  the  tests  for  any  of  the  acids. 
Peroxides  when  boiled  with  hydrochloric  acid,  or  with  sulphuric 
acid  and  common  palt,  give  off  chlorine  gas.  The  soluble  hydrates 
or  hydrated  oxides  are  known  by  their  alkalinity  to  test  paper ; ; 
by  their  effervescing  not  at  all,  or  but  very  slightly,  upon  the; 
addition  of  an  acid  ;  and  by  their  giving  a  brown  precipitate  \ 
with  solution  of  nitrate  of  silver.  The  solution  of  a  hydrate  is,: 
moreover,  distinguishable  from  that  of  a  carbonate  by  the  circum- : 
stance  that  an  admixture  with  it  of  excess  of  chloride  of  barium: 
does  not  affect  its  alkaline  reaction.  -  - 
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Such  of  the  sulphides  as  are  soluble  only  in  nitro-hydro- 
chloric,  or  in  concentrated  nitric  acid,  become  by  the  action  of  the  = 
acid  converted  into  sulphates.     That  the  sulphuric  acid  did  not,  > 
however,  exist  in  the  original  substance,  is  shown  by1  fusing  this 
latter  with  carbonate  of  sodium,  when  the  fused  mass  will  afford 
the  reactions  of  a  soluble  sulphide  instead  of  those  of  a  soluble  « 
sulphate.     Some   sulphides   are    extremely  difficult  to   dissolve 
completely  in  acid,  in  consequence  of  the  deposition  of  sulphur, 
which  fuses  round  the  unaltered  substance,  and  prevents  any  action 
of  the  acid  upon  it.    This  is  particularly  the  case  with  the  sulphides 
of  arsenic  and  mercury  in  their  ordinary  sublimed  state.     But 
these  sulphides  are  easily  recognised  by  their  colour,  their  vola-  \ 
tility,  and  by  their  reducibility  with  conversion  into  sublimed 
metal,  when  heated  with  soda  flux,  for  instance. 


(6 1.)  ACIDS  OR  SALTS  OF  HYDROGEN. 

The  ordinary  solid  acids  are  known  by  their  solubility  in  cold 
or  hot  water  to  form  strongly  acid  liquids,  which  effervesce  with 
alkaline  carbonates,  are  not  precipitated  by  the  several  reagents 
for  the  metals,  and  do  not  evolve  ammonia  when  heated  with 
caustic  potash.  The  boric  and  phosphoric  acids  yield,  upon 
ignition,  fusible  residues  of  boric  anhydride,  and  metaphosphoric 
acid  respectively. 

The  oxalic,  benzoic,  tartaric,  and  citric  acids  are  entirely  dissi- 
pated by  a  prolonged  heat,  the  two  last  furnishing  an  intermediate 
product  of  carbon. 

The  liquid  acids,  namely,  the  sulphuric,  nitric,  hydrochloric, 
and  acetic  acids,  are  known  by  their  liquidity,  volatility,  strongly- 
marked  acid  reaction,  and,  except  the  sulphuric,  by  their  charac- 
teristic odours.  They  jrive  only  negative  results  when  tested  for 
bases.  The  sulphuric  and  nitric  acids  are  easily  recognised  by 
their  respective  actions  on  metallic  copper,  and  hydrochloric  acid 
by  its  action  on  peroxide  of  manganese  (vide  Chapter  III.). 

Acid  salts,  such,  for  instance,  as  the  acid  sulphates,  oxalates, 
and  tartrates  of  alkali-metal  or  ammonium,  manifest  a  strongly 
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acid  reaction  to  test-paper,  and  effervesce  with  alkaline  carbonates. 
But  they  either  evolve  ammonia  when  treated  with  caustic  potash, 
or  leave  a  fixed  residue  upon  ignition,  which,  in  the  case  of  the 
acid  oxalates  and  tartrates,  consists  of  alkaline  carbonate.  The 
acid  salts  of  potassium  react  with  perchloride  of  platinum,  but 
not  with  tartaric  acid,  unless  previously  neutralised  with  soda. 

(62.)  MISCELLANEOUS  SALTS. 

Iodide  of  potassium  solution  reacts  satisfactorily  when 
treated  with  tartaric  acid,  but  yields  a  dark  brown  liquid  with 
perchloride  of  platinum.  But  after  its  iodine  has  been  precipitated 
with  excess  of  nitrate  of  silver,  and  the  excess  of  silver  with 
hydrochloric  acid,  the  filtered  liquid  yields  with  perchloride  of 
platinum  the  characteristic  yellow  precipitate  of  potassio-chloride 
of  platinum. 

Calomel  occurs  as  a  heavy,  white,  volatile  powder.  It  is 
readily  soluble  in  concentrated  nitric  acid,  but  in  the  act  of 
solution  becomes  converted  into  a  mercuric  salt.  That  it  was 
originally  a  mercurous  salt  is  shown  by  the  powder  itself  becom- 
ing black  when  agitated  with  potash-water. 

White  precipitate,  amido-chk ride  of  mercury,  or  chloride 
of  mercurammonium,  is  a  mercuric  compound,  readily  distin- 
guishable from  calomel  by  heating  it  gently  with  potash-water, 
whereby  it  becomes  of  an  orange-yellow  colour,  while  ammoniacal 
vapours  are  given  off.  It  is  insoluble  in  water,  soluble  in  nitric 
and  hydrochloric  acids,  and  dissipated  by  heat. 

The  sulphides  of  arsenic,  known  as  realgar  and  orpiment, 
are  orange  or  \ellow  coloured  volatile  solids.  When  boiled  with 
nitro-hydrochloric  acid,  they  are  converted  in  great  measure  into 
arsenic  acid,  which  may  be  obtained  st  lid  on  evaporation.  Its 
solution  is  precipitated  very  slowly  by  sulphuretted  hydrogen, 
Unless  previously  reduced  by  treatment  with  sulphurous  acid. 
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(63.)  LIQUID  OR  DISSOLVED  SUBSTANCES. 

A  few  drops  of  the  liquid  are  evaporated  on  a  glass  slip,  and 
the  residue,  if  any,  examined  microscopically.  Should  there  be 
an  appreciable  solid  residue,  a  further  quantity  of  liquid  may  be 
evaporated  down  in  a  capsule,  the  vapour  examined  for  its  odour 
and  reaction,  and  the  residue  submitted  to  ignition,  &c.;  as  de- 
scribed in  pars.  25  and  26. 

The  reaction  of  the  liquid  to  test-paper  is  next  ascertained. 
Among  volatile  liquids,  water,  alcohol,  and  ether  are  neutral ; 
ammonia,  alkaline ;  and  the  sulphuric,  nitric,  hydrochloric,  and 
acetic  acids,  strongly  acid.  These  several  liquids  are  readily 
distinguishable  from  one  another  by  a  few  simple  tests. 

Solutions  which  leave  a  saline  residue  on  evaporation,  and  are 
perfectly  neutral,  will  most  probably  prove  to  contain  some  salt 
of  an  alkali-  or  alkaline  earth-  rnetal;  salts  of  the  heavy  metals, 
with  a  few  exceptions  only,  exhibiting  a  more  or  less  marked 
acidity. 

Solutions  which  have  an  alkaline  reaction,  known  by  their 
turning  rose  paper  green,  turmeric  paper  brown,  or  reddened 
litmus  paper  blue,  may  contain  the  hydrate  or  sulphydrate  of 
an  alkaline  ear th -metal ;  or  the  hydrate,  sulphydrate,  carbonate, 
phosphate,  borate,  or  .silicate  of  an  alkali  metal,  or  some  heavy 
metal  dissolved  in  excess  of  alkaline  hydrate  or  carbonate  (vide 
par.  64). 

Solutions  which  have  an  acid  reaction,  known  by  their  redden- 
ing blue  litmus  paper,  may  contain  a  free  acid,  an  acid  salt,  or 
the  normal  salt  of  a  heavy  metal,  in  which  last  case  the  addition 
of  even  a  drop  of  potash  will  most  probably  cause  a  precipitate. 

After  the  above  preliminary  examination,  the  solution  may  be 
tested  according  to  the  directions  of  Tables  I.,  II.,  III.,  and  V.  ; 
or,  in  some  cases,  the  evaporated  residue  may  be  dissolved  in 
water  or  acid,  and  the  solution  so  formed  be  employed  by  pre- 
ference. The  original  solvent,  if  suspected  to  be  other  than 
water,  may  be  distilled  off,  condensed  in  a  receiver,  and  separately 
examined. 
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(64.)  ALKALINE  SOLUTIONS  OF  HEAVY  METALS. 

The  hydrates  of  barium,  strontium,  and  calcium,  like  those  of 
the  alkali  metals,  are  soluble  in  water.  The  hydrates  of  all  other 
metals  are  insoluble,  and  consequently,  precipitable  by  caustic 
alkalies.  The  hydrates  of  lead,  chromium,  aluminum,  and  zinc, 
are  readily  soluble  in  excess  of  potash  or  soda ;  those  of  silver, 
copper,  cadmium,  nickel,  cobalt,  manganese,  zinc,  and  magnesium 
readily,  and  those  of  chromium  and  iron  (ferrous  salts)  sparingly 
soluble  in  excess  of  ammonia,  especially  in  presence  of  neutral 
ammoniacal  salts ;  while  those  of  bismuth,  mercury,  and  iron 
(ferric  salts),  are  insoluble  in  excess  of  either  reagent.  On  boiling 
alkaline  solutions  of  chromium,  the  whole  of  the  chromic  hydrate 
is  reprecipitated. 

The  hydrates  of  the  metals  tin,  antimony,  and  arsenic, 
whose  sulphides  are  soluble  in  sulphide  of  ammonium,  have 
no  practical  interest  in  analysis.  The  teroxide  of  arsenic  is 
slightly  soluble  in  water,  and  freely  soluble  in  ail  alkaline 
liquids.  The  hydrate  of  antimony  and  both  hydrates  of  tin  are 
soluble  in  excess  of  potash,  while  stannic  hydrate  is  soluble  also 
in  excess  of  ammonia.  The  potash  solution  of  stannous  hydrate 
is  decomposed  on  boiling  into  metallic  tin,  which  is  deposited 
as  a  black  powder,  and  stannate  of  potassium  which  remains 
dissolved. 

The  precipitates  produced  by  carbonate  of  ammonium  in  solu- 
tions of  silver,  copper,  nickel,  cobalt,  zinc,  and  magnesium,  are 
readily  soluble  in  excess  of  the  reagent,  especially  when  chloride 
of  ammonium  is  also  present,  while  those  of  iron  (ferrous  salts) 
and  chrome  are  sparingly  soluble.  The  precipitates  produced  in 
solutions  of  cadmium  and  manganese  are  insoluble  in  excess,  as 
are  also  all  those  produced  in  solutions  of  metals  whose  hydrates 
are  insoluble  in  ammonia.  The  precipitates  produced  by  fixed 
alkaline  carbonates  are  all  insoluble  in  excess,  except  that  pro- 
duced in  stannic  salts,  which  dissolves  in  excess  of  the  preci- 
pitant, and  is  again  thrown  down  on  ebullition. 
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§  VIII.— INDIVIDUAL  BASES   OF  GROUP  I. 

The  reactions  of  the  individual  bases  of  this  group  may  be  con- 
veniently realised  by  operating  with  the  following  substances : 

TIN       .     .  The  crystallised  proto-chloride  and  precipitated  peroxide. 
ARSENIC    .  The  white  oxide. 

ANTIMONY.  The  native  tersnlphiHe  and  tartar-emetic. 
BISMUTH  .  The  crystallised  nitrate  and  precipitated  oxide. 
MERCURY  .  Corrosive  sublimate,  t^e  red  mercuric  oxide,  and  the  crys- 
tallised mercurous  nitrate. 

LEAD    .     .  The  oxide,  carbonate,  nitrate,  and  acetate. 
SILVER.     .  The  nitrate  and  oxide. 
COPPER     .  The  sulphate  and  oxide. 
CADMIUM  .  The  sulphate  and  carbonate. 


(65.)    TIN. 

Tin  salts  are  of  two  kinds,  stannous  or  protosalts,  represented 
by  protochloride  of  tin  SnCla,  and  stannic  or  persalts,  represented 
by  perchloride  of  tin  SnCl4. 

a.  When  compounds  of  tin  are  heated  upon  charcoal  with  a 
mixture  of  carbonate  of  sodium  and  cyanide  of  potassium,  a 
globule  of  white  malleable  metal  is  produced  with  very  slight,  if 
any,  incrustation.  If  this  globule  be  hammered  out,  and  dis- 
solved in  hydrochloric  acid,  the  tests  for  stannoua  salts  can  be 
applied  to  the  solution  so  formed. 

STANNOUS  SALTS. 

a.  Sulphydric  acid  produces  a  brown  precipitate  of  proto- 
sulphide  of  tin  SnS,  which  dissolves  in  yellow  sulphide  of 
ammonium  with  conversion  into  persulphide  of  tin  SnS2,  so  that 
on  adding  an  acid  to  the  solution,  a  yellow  and  not  a  brown  pre- 
cipitate is  separated.  The  protosulphide  of  tin  first  thrown  down 
is  converted  by  boiling  nitric  acid  into  a  white  insoluble  powder 
consisting  of  stannic  anhydride  SnOa. 
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fi.  Solution  of  corrosive  sublimate,  added  carefully  1o  stannous 
solutions,  produces  a  white  precipitate  of  calomel  HgCl,  which 
speedily  becomes  grey,  and  finally  black,  from  its  reduction  to 
the  state  of  metallic  mercury. 

STANNIC    SALTS. 

a.  Sulphydric  acid  produces  a  yellow  precipitate  of  disulphide 
of  tin  SnSa,  which  is  insoluble  in  the  carbonate,  but  soluble 
in  the  hydrate  and  sulphide  of  ammonium,  and  reprecipitable 
therefrom  on  the  addition  of  an  acid.  It  is  likewise  soluble 
in  boiling  hydrochloric  acid,  more  readily  on  the  addition 
of  a  little  nitric  acid  also,  and  is  converted  by  concentrated 
nitric  acid  into  a  white  insoluble  powder  of  stannic  anhydride 


(66.)    ARSENIC. 

Arsenious  acid  is  convertible  into  arsenic  acid  by  boiling  it 
with  concentrated  nitric  acid,  to  which  a  little  hydrochloric  acid 
may  be  added  with  advantage.  But  in  order  to  apply  the  various 
tests  successfully,  the  acid  liquid  must  be  evaporated  to  dryness, 
and  the  residue  dissolved  in  water.  Arsenic  acid  is  readily  con- 
vertible into  arsenious  acid  by  the  passage  of  sulphurous  acid  gas 
through  its  solution,  or  by  heating  it  with  sulphite  of  sodium  and 
dilute  hydrochloric  acid. 

a.  Sulphydric  acid  produces,  in  acidulated  solutions  of  arse- 
nious  acid,  or  of  arsenic  acid  after  the  addition  of  sulphurous 
acid,  a  yellow  precipitate  of  trisulphide  of  arsenic  AsaS3,  which  is 
soluble  in  carbonate,  hydrate,  and  sulphide  of  ammonium,  and 
reprecipitated  on  the  addition  of  an  acid.  It  is  insoluble  in 
boiling  hydrochloric  acid,  but  is  readily  dissolved  by  hot  nitric 
or  nitro-hydrochloric  acid. 

j3.  Nitrate  of  silver  produces  in  neutral  or  slightly  ammoniacal 
solutions  of  arsenious  acid  a  yellow  precipitate  of  arsenite  of 
silver  Ag3As03,  and  from  similar  solutions  of  arsenic  acid  a 
brick  -dust  red  precipitate  of  arseniate  of  silver  Ag3As04.  Both 
precipitates  are  soluble  in  excess  of  either  ammonia  or  nitric  acid. 
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y.  Sulphate  of  copper  produces,  in  neutral  or  very  faintly 
ammoniacal  solutions  of  arsenious  acid  a  grass-green  precipitate 
of  arsenite  of  copper  HCu"As03,  and  in  similar  solutions  of  arsenic 
acid  a  pale  blue  precipitate  of  arseniate  of  copper  Cu"3(As04)a. 
Both  precipitates  are  soluble  in  excess  of  either  ammonia  or  nitric 
or  hydrochloric  acid. 

?.  When  a  compound  of  arsenic  is  mixed  with  soda-flux,  and 
heated  in  a  subliming  tube,  a  steel-grey  ring  of  reduced  metal 
condenses  in  the  upper  or  cool  part  of  the  tube. 

(67.)  ANTIMONY. 

o.  Sulphydric  acid  produces  an  orange-coloured  precipitate 
of  trisulphide  of  antimony  SbaS3,  which  is  insoluble  in  carbo- 
nate, but  soluble  in  hydrate  and  sulphide  of  ammonium,  and 
reprecipi table  on  the  addition  of  an  acid.  It  is  also  dissolved  by 
hydrochloric  acid  with  the  aid  of  heat,  and  is  converted  almost 
entirely  by  strong  nitric  acid  into  a  white  insoluble  powder,  con- 
sisting of  tetroxide  of  antimony  Sba04. 

(3.  Water,  added  to  certain  antimony  solutions  (not  to  all), 
produces  a  white  precipitate  of  a  basic  salt  of  antimony,  soluble 
in  excess  of  tartaric,  hydrochloric,  or  nitric  acid. 

y.  Antimony  compounds,  when  fused  with  carbonate  of 
sodium  on  charcoal  in  the  reducing  flame,  yield  a  bead  of  brittle 
metal  with  an  abundant  bluish-white  incrustation.  If  the  heat 
be  prolonged,  the  metal  volatilises  entirely  with  the  production 
of  white  fumes  of  teroxide  of  antimony  SbaO3. 

(68.)  BISMUTH. 

a.  Sulphydric  acid  produces  a  brownish -black  precipitate  of 
trisulphide  of  bismuth  Bi2S3,  which  is  insoluble  in  sulphide  of 
ammonium.  It  dissolves  readily  in  hot  nitre-muriatic,  nitric,  or 
hydrochloric  acid. 

/3.   Caustic   alkalies   give   a  white   precipitate  of  hydrate   of 
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bismuth  Bia03.HaO,  insoluble  in  excess  of  either  potash  or  am- 
monia. 

y.  Water,  when  added  to  moderately- concentrated  and  not 
over-acid  solutions  of  bismuth,  causes  a  dense  white  precipitate 
of  a  basic  bismuth  salt,  which  does  not  disappear  on  the  addition 
of  tartaric  acid,  but  dissolves  in  excess  of  nitric  or  hydrochloric 
acid. 

3.  Bismuth  compounds,  when  mixed  with  carbonate  of  sodium 
and  heated  upon  charcoal  in  the  reducing  blowpipe  flame,  yield  a 
brittle  metallic  globule  and  a  yellow  incrustation. 

(69.)  MERCURY. 

There  are  two  classes  of  mercury  salts,  namely,  the  mercurous, 
represented  by  calomel  HgCl,  and  the  mercuric,  represented  by 
corrosive  sublimate  HgCl2.  Certain  reactions  are  common  to 
both,  while  others  are  distinctive  between  them. 

a.  An  excess  of  sulphydric  acid  produces  a  black  precipi- 
tate of  mercurous  sulphide  HgaS,  or  of  mercuric  sulphide  HgS, 
which  is  insoluble  in  sulphide  of  ammonium,  and  also  in  strong 
hot  nitric  and  hydrochloric  acids  taken  separately,  but  is  readily 
soluble  in  a  mixture  of  the  two.  An  insufficiency  of  sulphydric 
acid  produces  in  mercuric  salts  a  highly  characteristic  white  pre- 
cipitate of  doubtful  composition,  which,  as  the  proportion  of  gas 
increases,  becomes  orange,  brown,  and  finally  black. 

ft.  Protochloride  of  tin  produces  at  first  a  white  precipitate  of 
calomel  HgCl,  which  becomes  in  succession  grey  and  almost 
black  on  adding  more  of  the  reagent  and  warming  gently.  If 
the  supernatant  liquor  be  poured  off,  and  the  deposit  boiled  with 
hydrochloric  acid,  globules  of  metallic  mercury  make  their 
appearance. 

y.  Mercury  compounds  mixed  with  carbonate  of  sodium,  and 
heated  in  a  reduction -tube,  furnish  a  sublimate  of  well-defined 
mercurial  globules. 
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MERCUROUS   SALTS. 

a.  Potash  and  ammonia  alike  produce  a  black  precipitate,  the 
former  of  mercurous  hydrate  Hg2O.H20,  the  latter  of  some  amido- 
mercurous  compound. 

/3.  Hydrochloric  acid  produces  a  white  precipitate  of  calomel 
HgCl,  which  dissolves  in  boiling  nitric  acid.  It  is  turned  black 
by  ammouia,  being  converted  into  amido- mercurous  chloride. 

MERCURIC   SALTS. 

a.  Potash  gives  a  yellow  precipitate  of  mercuric  oxide  HgO, 
which  is  turned  white  on  the  addition  of  ammonia,  or  in  presence  of 
an  ammoniacal  salt.  Ammonia  produces  a  white  precipitate  of 
some  arnido-mercuric  compound. 

(3.  Iodide  of  potassium,  added  carefully,  produces  a  bright 
orange-red  precipitate  of  mercuric  iodide  Hglz,  which  dissolves  in 
excess  of  the  reagent,  forming  a  colourless  solution. 

(70.)  LEAD. 

a.  Sulphydric  acid  produces  a  black  (occasionally  red)  pre- 
cipitate of  sulphide  of  lead  PbS,  which  is  insoluble  in  sulphide 
of  ammonium,  but  dissolves  when  heated  with  not  too  con- 
centrated nitric  or  hydrochloric  acid.  Strong  nitric  acid  con- 
verts it  into  a  white  insoluble  deposit  of  sulphate  of  lead  PbS04. 

/3.  Caustic  alkalies  give  a  white  precipitate  of  hydrate  of  lead 
PbO.HaO,  soluble  in  excess  of  potash. 

•y.  In  moderately  strong  solutions,  hydrochloric  acid  gives  a 
white  crystalline  precipitate  of  chloride  of  lead  PbCla,  which  is 
soluble  in  boiling  water,  unaffected  by  ammonia,  and  soluble  in 
great  excess  of  potash. 

£.  Dilute  sulphuric  acid  or  a  dissolved  sulphate  gives  a  dense 
white  precipitate  of  sulphate  of  lead  PbS04,  which  is  insoluble  in 
dilute  acids,  soluble  in  strong  hydrochloric  acid  with  the  aid  of 
heat,  and  also  in  a  large  excess  of  potash. 

i2 
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e.  Lead  compounds,  when  fused  with  carbonate  of  sodium  and 
charcoal  in  the  reducing  blowpipe  flame,  yield  a  globule  of  soft 
metal  and  a  brownish-yellow  incrustation. 

(71.)  SILVER. 

a.  Sulphydric  acid  gives  a  black  precipitate  of  sulphide  of 
silver  AgaS,  insoluble  in  sulphide  of  ammonium,  soluble  in  warm 
nitric  acid,  and  converted  by  ebullition  with  hydrochloric  acid 
into  a  white  deposit  of  chloride  of  silver  AgCl. 

/3.  Caustic  alkalies  give  a  brown  precipitate  of  hydrate  of 
silver  AgaO.H20,  which  is  insoluble  in  excess  of  potash,  but  soluble 
in  ammonia,  forming  a  colourless  solution. 

y.  Hydrochloric  acid  gives  in  solutions  of  silver  salts  a  white 
precipitate  of  chloride  of  silver  AgCl,  which  is  insoluble  even  in 
boiling  nitric  acid,  but  readily  soluble  in  ammonia.  The  colour 
of  the  precipitate  changes  to  a  slate-purple  by  exposure  to  light. 

<L  Silver  compounds,  when  fused  with  carbonate  of  sodium 
upon  a  charcoal  support  in  the  reducing  blowpipe  flame,  yield  a 
button  of  hard  white  malleable  metal,  without  any  incrustation 
being  formed  on  the  charcoal. 

(72.)  COPPER. 

a.  SulpJiydric  acid  produces  a  dark-brown  precipitate  of 
sulphide  of  copper  CuS,  which  is  insoluble  in  sulphide  of 
potassium,  and  but  sparingly  soluble  in  sulphide  of  ammonium. 
It  dissolves  readily  in  nitric  but  not  in  hydrochloric  acid,  save  by 
an  application  of  heat. 

j8.  Potash  gives  a  pale  blue  precipitate  of  hydrate  of  copper 
CuO.H20,  which  is  insoluble  in  excess,  and  converted  by  ebullition 
into  black  oxide  of  copper  CuO.  Ammonia  gives  a  similar  blue 
precipitate  of  hydrate  of  copper,  which  is  soluble  in  excess  of  the 
reagent,  forming  a  deep  blue  solution,  the  transparency  of  which 
is  not  affected  by  the  addition  of  a  moderate  quantity  of  potash. 
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The  pale-blue  precipitate  produced  by  carbonate  of  ammonium  is 
also  readily  soluble  in  excess  of  the  reagent,  with  production  of  a 
deep  blue  liquid. 

y.  Ferrocyanide  of  potassium  gives  a  chocolate-coloured  preci- 
pitate of  ferrocyanide  of  copper  CuaFeCy6,  which  is  decomposed  by 
caustic  potash,  and  is  then  freely  soluble  in  ammonia,  forming  a 
deep  blue  liquid. 

?.  A  piece  of  clean  iron  or  steel  dipped  into  an  acidulated 
copper  solution  becomes  coated  with  metallic  copper,  which  may 
be  dissolved  off  by  the  conjoint  action  of  ammonia  and  air  into  a 
deep  blue  liquid. 

e.  The  borax  bead  heated  with  a  particle  of  any  copper-com- 
pound becomes  blue  or  green  in  the  oxidising,  and  nearly 
colourless  or  reddish-grey  in  the  reducing,  flame. 

(73.)  CADMIUM. 

a.  The  precipitate  of  sulphide  of  cadmium  CdS,  produced  by 
sulphydric  acid,  is  of  a  bright  yellow  colour,  and  insoluble  in 
sulphide  of  ammonium.  It  disappears  readily  on  the  addition 
of  nitric  or  hydrochloric  acid,  and  does  not  form  in  very  acid 
solutions. 

ft.  Caustic  alkalies  give  a  white  precipitate  of  hydrate  of 
cadmium  CdO.H2O,  soluble  in  excess  of  ammonia,  but  not  in  that 
of  potash.  The  precipitate  produced  by  carbonate  of  ammonium 
does  not  disappear  in  excess  of  the  reagent. 

y.  Cadmium  compounds,  fused  with  carbonate  of  sodium  in. 
the  reducing  blowpipe  flame,  give  a  reddish-brown  incrustation 
of  oxide  of  cadmium  CdO,  but  no  bead  of  metal. 
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§  IX.— INDIVIDUAL  BASES   OF  GROUP  II. 

The  reactions  of  the  individual  bases  of  this  group  may  be 
conveniently  realised  by  operating  with  the  following  substances: 

NICKEL   .     .  The  oxide  and  sulphate. 

COBALT   .     .  The  oxide. 

MANGANESE.  The  sulphate,  chloride,  and  carbonate. 

IRON  .     .     .  The  red  and  black  oxides,  the  sulphate  and  sulphide. 

ZINC   .     .     .  The  oxide  and  sulphate. 

CHROMIUM   .  The  precipitated  oxide  and  chrome  alum. 

ALUMINUM  .  The  hydrate  and  sulphate. 

(74.)  NICKEL. 
Solutions  of  nickel  are  generally  of  a  green  colour. 

a.  Sulphide  of  ammonium  gives  with  nickel  salts  a  black  pre- 
cipitate of  sulphide  of  nickel  NiS,  not  soluble  in  hydrochloric  acid 
until  after  the  addition  of  a  drop  or  two  of  nitric  acid. 

/3.  Ammonia  gives  a  slight  greenish  precipitate  of  hydrate  of 
nickel  NiO.H.,0,  soluble  in  excess  of  the  reagent,  forming  a  violet- 
blue  liquid,  from  which  potash  reprecipitates  the  green  hydrate. 
Moreover,  potash  throws  down  this  hydrate  readily  from  all  ordi- 
nary nickel  solutions. 

•y.  In  the  reducing  flame,  nickel  renders  the  borax  bead  pur- 
plish-grey and  turbid,  and  in  the  oxidising  flame  of  a  dark  sherry 
colour  with  a  tinge  of  violet.  If  a  fragment  of  nitre  be  added, 
and  the  bead  again  heated  in  the  oxidising  flame,  a  well-marked 
purple  colour  is  produced. 

(75.)  COBALT. 

Cobalt  solutions  are  pink  when  dilute,  blue  when  concen- 
trated. 

a.  Sulphide  of  ammonium  gives  with  cobalt  salts  a  black 
precipitate  of  sulphide  of  cobalt  CoS,  not  soluble  in  hydro- 
chloric acid  until  after  the  addition  of  a  few  drops  of  nitric 
acid. 
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/3.  Potash  gives  a  blue  precipitate  of  prothydrate  of  cobalt 
CO.H20,  insoluble  in  excess  of  the  precipitant.  Excess  of  ammonia, 
especially  in  presence  of  chloride  of  ammonium,  produces  a 
brownish-pink  solution,  becoming  brown  and  opaque  on  exposure 
to  air,  from  the  deposition  of  the  insoluble  sesquihydrate. 

y.  Cobalt  compounds  impart  to  the  borax  bead,  when  heated 
in  either  flame  of  the  blowpipe,  a  deep  sapphire-blue  colour. 


(76.)  MANGANESE. 

Manganese  solutions  are  of  a  faint  pink  tinge,  or  altogether 
colourless. 

a.  Sulphide  of  ammonium  gives  a  buff-coloured  precipitate  of 
sulphide  of  manganese  MnS,  soluble  even  in  acetic  acid. 

ft.  Potash  gives  a  white  precipitate  of  prothydrate  of  manga- 
nese MnO.HzO,  speedily  becoming  brown  on  exposure,  from  its 
conversion  into  the  sesquihydrate  Mnz03.H80.  If  to  the  solution 
of  a  manganous  salt  containing  chloride  of  ammonium,  an  excess 
of  ammonia  be  added  at  once,  a  clear  colourless  solution  will  be 
produced,  quickly  becoming  brown  and  opaque  when  exposed  to 
the  air,  from  a  conversion  of  the  soluble  proto-  into  the  insoluble 
sesqui-compou  nd . 

y.  The  borax  bead  with  manganese  is  amethyst-red  in  the 
oxidising,  and  nearly  colourless  in  the  reducing,  flame.  Its 
appearance  is  much  interfered  with  by  the  presence  of  a  trace  of 
iron. 

S.  Compounds  of  manganese,  fused  upon  platinum  foil  with 
carbonate  of  sodium  in  the  oxidising  flame  of  the  blowpipe, 
either  with  or  without  the  addition  of  a  little  nitre,  yield  a  bluish- 
green  fusible  mass  of  manganate  of  sodium  NaaMn04.  For  this 
experiment  but  a  very  small  quantity  of  the  manganese  compound 
should  be  employed. 
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(77.)  IRON. 

There  are  two  classes  of  iron  salts,  namely,  ferrous  or  proto- 
salts,  represented  by  green  vitriol  FeS04,  and  ferric  or  persalts, 
represented  by  sesquichloride  of  iron  FeCl3  or  Fe,Cl6.  The  proto- 
salts  are  rarely  ever  free  from  some  admixture  with  persalts. 

a.  Sulphide  of  ammonium  gives  a  black  precipitate  of  protosul- 
phide  of  iron  FeS,  readily  soluble  in  hydrochloric  acid.  The 
precipitate,  when  thrown  down  from  ferric  salts,  is  accompanied 
by  free  sulphur. 

ft.  Iron  compounds  dissolve  in  the  borax  bead,  forming  a  glass 
which  is  of  a  bottle-green  colour  in  the  reducing,  and  of  a  yellow- 
ish-brown colour  in  the  oxidising,  flame.  Ferrous  compounds 
give  the  green,  and  ferric  compounds  the  yellow,  colour  most 
readily. 

FERROUS    SALTS. 

Ferrous  solutions  are  generally  colourless,  or  of  a  pale  green 
tint. 

a.  Caustic  alkalies  give  a  dingy  green  precipitate  of  ferrous 
hydrate  FeO.HsO,  which  becomes  red  on  exposure  to  air.  The 
pure,  nearly  white  prothydrate  is  sparingly  soluble  in  excess  of 
ammonia  and  chloride  of  ammonium. 

j3.  Ferrocyanide  of  potassium  gives  a  pale  blue  precipitate  of 
double  ferrocyanide  of  iron  and  potassium  KaFeaCy6,  which  be- 
comes dark  blue  on  exposure  to  air. 

y.  Ferridcyanide  of  potassium  gives  a  dark-blue  precipitate  of 
ferridcyanide  of  iron  Fe5CyIa,  or  Fe"3Fez'"CyIJ5,  insoluble  in  dilute 
acids  and  decomposible  by  caustic  alkalies. 

FERRIC    SALTS. 

Ferric  solutions  are  generally  of  a  yellow,  brown,  or  red 
colour. 

a.  Caustic  and  carbonated  alkalies  alike  give  a  brick- dust  red 
nrecipitate  of  ferric  hydrate  Fe,03.H,0,  accompanied  in  the  case 
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of  the  carbonates  by  an  evolution  of  carbonic  acid.  The 
precipitate  is  quite  insoluble  in  the  hydrates  of  potassium  and 
ammonium,  and  also  in  their  respective  carbonates  at  a  boiling 
heat. 

j3.  Ferrocyanide  of  potassium  gives  a  deep  blue-coloured 
precipitate  of  sesquiferrocyanide  of  iron  Fe7Cyl8,  or  Fe"3Fe'"4Cyl8, 
insoluble  in  dilute  acids,  and  decomposible  by  caustic  alkalies. 
The  ferridcyanide  does  not  produce  any  precipitate,  but  gives  to 
the  ferric  solution  a  colour  which  is  brown  or  red  according  to 
circumstances. 

y.  Sulphocyanate  of  potassium  imparts  to  ferric  solutions  a 
deep  red  colour,  from  the  formation  of  ferric  sulphocyanate 
FeCy3S3,  or  Fe(CyS)3. 

(78.)  ZlNC. 
Zinc  solutions  are  usually  colourless. 

a.  Sulphide  of  ammonium  gives  a  white  precipitate  of  sulphide 
of  zinc  ZnS,  which  is  insoluble  in  acetic,  but  readily  soluble  in 
hydrochloric,  acid.  Unlike  most  zinc  precipitates,  it  is  insoluble 
in  any  alkaline  solution. 

/3.  Caustic  alkalies  give  with  solutions  of  zinc  a  white  pre- 
cipitate of  hydrate  of  zinc  ZnO.HaO,  soluble  in  a  large  excess  of 
the  precipitant.  Alkaline  carbonates  also  give  a  white  precipi- 
tate of  a  highly  basic  carbonate  of  zinc,  insoluble  in  excess  of  the 
fixed  alkaline  carbonates,  but  soluble  in  presence  of  ammoniacal 
salts. 

y.  Zinc  salts,  heated  on  platinum  foil,  leave  a  fixed  infusible 
residue,  which  is  yellow  when  hot,  white  when  cold.  After  being 
moistened  with  solution  of  nitrate  of  cobalt,  and  reignited  in  the 
blowpipe  flame,  it  assumes  a  fine  green  colour. 

B.  Zinc  salts,  mixed  with  carbonate  of  sodium  or  cyanide  flux, 
and  heated  in  the  reducing  blowpipe  flame,  deposit  upon  the 
charcoal  an  incrustation  which  is  yellow  when  hot,  white  when 
cold,  and  green  after  ignition  with  nitrate  of  cobalt. 
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(79.)  CHROMIUM. 

Solutions  of  chromic  salts  are  mostly  of  a  green  or  violet 
colour. 

a.  Caustic  alkalies,  their  sulphides  or  sulphydrates,  and  car- 
bonates throw  down  from  chrome  solutions  a  greenish  precipitate 
of 'hydrate  of  chrome  Cra03.HaO,  which  is  slightly  soluble  in  excess 
of  ammonia,  more  so  in  excess  of  potash,  and  in  each  instance 
reprecipitable  on  boiling.  Its  production  by  sulphides  and  car- 
bonates respectively  is  accompanied  by  an  evolution  of  sulphydric 
or  carbonic  acid. 

/3.  Chrome  imparts  to  the  borax  bead  a  fine  green  colour,  per- 
manent in  both  flames  of  the  blowpipe. 

y.  When  a  chrome  compound  is  fused  on  platinum  foil  with 
a  little  carbonate  of  sodium  and  nitre,  a  yellow  mass  of  chromate 
.of  sodium  NaaCr04,  is  produced,  which  dissolves  in  water  to  form 
a  solution,  giving  with  acetate  of  lead  a  yellow  precipitate  of 
chromate  of  lead  PbCrO4. 

(80.)  ALUMINUM. 

a.  Caustic  alkalies,  their  carbonates  and  sulphides  or  sulphy- 
drates,  give  with  aluminous  solutions  a  white  gelatinous  precipi- 
late  of  hydrate  of  aluminum  Al,03.HaO,  which  is  soluble  in  excess 
rf  potash,  but  reprecipitated  on  the  addition  of  chloride  of  am- 
monium. The  action  of  the  carbonates  and  sulphides  respec- 
tively is  accompanied  by  an  evolution  of  carbonic  or  sulphydric 
acid. 

/3.  Salts  of  aluminum,  when  heated  on  charcoal  or  platinum 
foil,  leave  a  white,  infusible,  highly  incandescent  residue,  which, 
when  moistened  with  nitrate  of  cobalt  solution  and  reignited  in 
the  blowpipe  flame,  assumes  a  bright  blue  colour. 
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§  X.— INDIVIDUAL  BASES  OF  GROUP  III. 

The  reactions  of  the  individual  bases  of  this  group  may  be 
conveniently  realised  by  operating  with  the  following  substances : 

BARIUM     .  .  The  carbonate,  nitrate,  and  chloride. 

STRONTIUM  .  The  carbonate  and  nitrate. 

CALCIUM    .  .  The  hydrate,  carbonate,  phosphate,  oxalate,  and  sulphate. 

MAGNESIUM  .  The  oxide,  carbonate,  and  sulphate. 

POTASSIUM  .  The  nitrate  and  sulphate. 

SODIUM      .  .  The  carbonate,  sulphate,  chloride,  and  phosphate. 

AMMONIUM  .  The  sulphate,  chloride,  carbonate,  phosphate,  and  oxalate. 

(8 1.)  BARIUM,  STRONTIUM,  CALCIUM. 
These  three  metals  possess  many  properties  in  common. 

a.  Their  hydrates  MO.HaO  or  M(HO)2,  are  all  soluble  in  water, 
so  that  the  addition  of  caustic  alkali,  if  perfectly  free  from  car- 
bonate, does  not  disturb  their  solutions.  Their  sulphides  and 
sulphyd rates  are  also  soluble. 

/3.  The  following  salts  of  these  metals  are  insoluble  in  water, 
namely,  the  oxalates,  phosphates,  carbonates  (even  in  the  presence 
of  ammoniacal  salts),  and  sulphates,  sulphate  of  barium  being 
the  most  insoluble,  sulphate  of  calcium  the  least  so.  Hence 
neutral  barium,  strontium,  and  calcium  salts  are  precipitated  by 
soluble  oxalates,  pi  osphates,  carbonates  and  sulphates. 

y.  When  a  barium,  strontium,  or  calcium  salt  is  ignited  on 
platinum  foil,  a  Avhite  fixed  residue  remains,  which,  except  in  the 
case  of  the  chlorides,  is  usually  infusible.  When  moistened  with 
solution  of  nitrate  of  cobalt  and  reignited,  the  infusible  mass 
acquires  an  ill- defined  grey  colour. 

(82.)  BARIUM. 

a.  Sulphuric  acid  and  solutions  of  all  sulphates,  even  when  very 
dilute,  give  with  barium  salts  a  white  precipitate  of  sulphate  of 
barium  BaS04,  insoluble  in  acids  and  alkalies. 
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/3.  Hydrofluosilicic  acid  produces  in  acid  and  neutral  solutions 
a  somewhat  transparent  precipitate  of  fluosilicate  of  barium 
BaSiF6,  tlie  deposition  of  which  is  much  facilitated  by  the  addition 
of  a  little  alcohol. 

y.  Barium  salts,  when  intensely  heated  before  the  blowpipe 
upon  a  fine  platinum  wire,  impart  a  marked  apple-green  colour  to 
the  flame. 

(83.)  STRONTIUM. 

a.  Sulphuric  acid  and  solutions  of  most  sulphates,  give  a  pre- 
cipitate of  sulphate  of  strontium  SrS04,  insoluble  in  acids  and 
alkalies,  very  sparingly  soluble  in  water.  Strontium  salts  are  not 
precipitated  by  solution  of  sulphate  of  strontium,  and  very  slowly 
by  solutions  of  the  sulphates  of  calcium  and  potassium. 

/3.  Strontium  salts,  when  intensely  heated  before  the  blowpipe 
upon  a  fine  platinum  wire,  impart  a  deep  crimson  colour  to  the 
flame. 

(84.)  CALCIUM. 

a.  Sulphuric  acid  and  strong  solutions  of  sulphates  give  with 
moderately  strong  calcium  solutions  a  white  precipitate  of  sulphate 
of  calcium  CaS04,  slightly  soluble  in  water,  insoluble  in  proof- 
spirit.  But  dilute  calcium  solutions  are  not  precipitable  by  any 
sulphate ;  while  even  strong  solutions  are  not  precipitable  by  the 
sulphates  of  strontium,  calcium,  and  scarcely  by  that  of  potassium. 

/3.  Oxalate  of  ammonium  produces  in  neutral  calcium  solutions 
a  white  precipitate  of  oxalate  of  calcium  CaCa04,  soluble  in  nitric 
and  hydrochloric  acids,  insoluble  in  acetic  and  oxalic  acids,  and 
insoluble  in  ammonia. 

y.  Calcium  salts  impart  a  fine  orange-red  colour  to  the  blow- 
pipe flame. 

(85.)  MAGNESIUM.  -  • ' 

a.  Sulphydrate  and  sulphate  of  magnesium  are  soluble  in 
water.  Hence  magnesian  salts  are  not  precipitated  by  soluble 
sulphydrates  and  sulphates. 
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j3.  Hydrate,  carbonate,  oxalate,  phosphate,  and  arseniate  of 
magnesium,  are  insoluble  in  water.  Hence  magnesian  salts  are 
precipitated  by  soluble  hydrates,  carbonates,  oxalates,  phosphates, 
and  arseniates.  But  all  magnesian  precipitates,  excepting  the 
phosphate  and  arseniate,  are  soluble  in  ammoniacal  solutions. 
When  phosphate  of  sodium  or  ammonium  is  added  to  a  solution 
of  magnesium  containing  chloride  of  ammonium  and  rendered 
alkaline  by  ammonia,  a  white  crystalline  precipitate  of  triple 
phosphate  Mg(NH4)P04,  is  produced,  which  is  soluble  in  dilute 
acids,  insoluble  in  ammonia  and  ammoniacal  salts. 

y.  Magnesium  compounds,  heated  on  charcoal  or  platinum 
foil,  leave  a  white  fixed  infusible  residue,  which  when  moistened 
with  nitrate  of  cobalt  solution  and  reignited  in  the  blowpipe 
flame  assumes  a  faint  pink  colour. 

(86.)  POTASSIUM. 

a.  All  simple  potassium  salts,  except  the  acid-tartrate,  are 
moderately  soluble  in  water.  Tartaric  acid  added  in  excess  to 
the  neutral  or  alkaline  solution  of  a  potassium  salt  throws  down  a 
white  crystalline  precipitate  of  cream  of  tartar  KH5C4O6,  which 
frequently  does  not  appear  immediately.  Its  deposition  is  facili- 
tated by  stirring  the  mixed  liquids,  and  by  the  addition  of  a  little 
alcohol  to  them.  It  is  soluble  in  mineral  acids,  in  hot  water,  and 
in  a  large  excess  of  cold  water. 

j3.  Percliloride  of  platinum  when  added  to  neutral  or  acid 
solutions  of  potassium  throws  down  a  yellow  crystalline  precipi- 
tate of  potassio- chloride  of  platinum  KzPtCI6,  or  2KCl.PtCl4.  The 
solution  should  generally  be  acidulated  with  a  few  drops  of 
hydrochloric  acid  before  being  tested.  The  precipitate  does  not 
always  appear  immediately  :  its  production  is  facilitated  by  stir- 
ring and  by  the  addition  of  a  little  alcohol. 

y.  Potassium  salts  when  heated  on  charcoal  or  platinum  foil 
leave  a  fixed  and  generally  fusible  residue.  When  heated  before 
the  blowpipe  they  impart  to  the  flame  a  marked  violet  colour, 
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which,  however,  is  not  recognisable  in  the  presence  of  even  a 
small  quantity  of  sodium. 

(87.)  AMMONIUM. 

a.  All  simple  ammoniacal  salts,  except  the  acid  tartrate,  are 
freely  soluble  in  water.  Tartaric  acid  reacts  upon  ammoniacal 
as  upon  potassium  salts.  The  resulting  precipitate  of  acid  tartrate 
of  ammonium  (NH4)H5C406,  is,  however,  more  soluble  in  water 
than  the  corresponding  potassium  compound,  and  consequently 
does  not  form,  save  when  the  ammoniacal  solution  is  moderately 
concentrated. 

(3.  Per  chloride  of  platinum  reacts  upon  ammoniacal  salts  to  form 
the  ammonio- chloride  of  platinum  (NH4)2PtCl6,  or  2NH4Cl.PtCl4, 
which  closely  resembles  the  corresponding  potassium  compound 
in  its  appearance,  solubility,  and  mode  of  deposition. 

y.  When  any  ammoniacal  salt  is  boiled  with  potash  or  lime, 
ammoniacal  vapour  is  given  off,  which  is  recognisable  by  its 
smell,  by  its  action  on  te^t  paper,  and  by  its  forming  opaque 
fumes  when  brought  into  contact  with  the  vapour  of  hydro- 
chloric acid. 

3.  All  ammoniacal  salts  volatilise  partly,  most  of  them  entirely, 
when  heated  upon  platinum  foil  or  charcoal. 

(88.)  SODIUM. 

a.  Sodium  solutions  are  non-precipitable,  all  simple  sodium 
salts  being  soluble  in  water. 

/3.  Sodium  salts  when  heated  on  platinum  foil  or  charcoal  leave 
a  fixed  residue,  almost  always  fusible,  and  impart  an  intense 
yellow  colour  to  flame. 

§  XI.— KEACTIONS  OF  INDIVIDUAL  ACIDS. 
(89.)  CHROMATES. 

Chromates  are  usually  of  a  yellow  or  red  colour,  and,  except 
those  of  the  alkali  metals,  are  more  or  less  insoluble  in  water. 
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a.  Chromates  acidified  with  hydrochloric  acid,  and  treated 
with  sulphuretted  hydrogen,  yield  a  deposit  of  sulphur,  and  a 
green  solution  of  chromic  chloride,  CrCl3  or  CraCl6.  The  same 
compound  is  produced  on  boiling  the  solution  of  a  chromate  with 
hydrochloric  acid  and  a  little  alcohol.  To  it  the  ordinary  tests 
for  chrome  salts  can  be  applied. 

ft.  Nitrate  of  silver  gives  a  dark  red  precipitate  of  chromate  of 
silver  AgaO04,  soluble  in  nitric  acid.  Nitrate  of  barium  and 
acetate  of  lead  throw  down  yellow  precipitates  of  the  chromates 
of  the  respective  metals. 

(90.)  NITRATES. 

The  nitrates  are  soluble  or  non-precipitable  salts,  which  de- 
flagrate when  ignited  upon  charcoal  or  with  organic  matter. 

a.  When  a  nitrate,  or  the  concentrated  solution  of  a  nitrate,  is 
gently  heated  with  sulphuric  acid  and  a  few  copper  turnings, 
brown  fumes  of  peroxide  of  nitrogen  N204,  are  evolved,   which 
redden,  but  do  not  bleach,  litmus  paper,  and  produce 
a  purple  colouration  on  starch  paper  moistened  with         J^*  '  ' 
iodide  of  potassium. 

ft.  A  solution  of  protosulphate  of  iron  carefully 
poured  upon  sulphuric  acid,  to  which  a  minute  por- 
tion of  a  solid  or  dissolved  nitrate  has  been  added, 
produces  a  deep  brown  halo  at  the  junction  of  the 
two  liquids,  as  seen  in  fig.  36. 

y.  When  a  minute  quantity  of  gold-leaf  is  boiled 
in  hydrochloric  acid,  no  action  is  produced ;  but,  on 
the  addition  of  a  little  nitric  acid  or  a  nitrate,  the 
gold  quickly  disappears,  and  may  be  detected  in 
solution  by  protochloride  of  tin,  which  gives  rise  to 
a  purplish  precipitate. 

(91.)  CHLORATES. 
The  chlorates,  like  the  nitrates,  are  soluble  or  non-precipitable 
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salts,  which  deflagrate  when  ignited  upon  charcoal  or  with  organic 
matter. 

a.  Strong  sulphuric  acid  added  to  a  solid  chlorate  produces  a 
brown  colouration  with  crackling  detonation,  especially  when 
gently  warmed.  The  experiment  should  be  made  carefully,  and 
with  but  a  small  quantity  of  the  salt,  for  fear  of  an  explosion  and 
scattering  of  the  acid. 

ft.  The  addition  of  some  solid  or  dissolved  chlorate  to  hydro- 
chloric acid  enables  it  to  bleach  litmus  and  dissolve  gold-leaf. 
Strong  hydrochloric  acid  reacts  with  a  moderate  quantity  of 
a  solid  chlorate  to  produce  a  greenish-yellow  gas  known  as 
euchlorine. 

•y.  Chlorates  of  alkali-metal,  when  heated  alone,  and  other 
chlorates,  when  heated  with  carbonate  of  sodium  in  a  reduction 
tube,  evolve  oxygen,  known  by  its  inflaming  a  piece  of  incan- 
descent wood ;  and  leave  a  residue  of  alkaline  chloride,  recog- 
nisable by  adding  nitrate  of  silver  to  its  solution  previously 
acidified  with  nitric  acid,  when  a  white  precipitate  of  chloride  of 
silver  is  thrown  down. 

(92.)  CARBONATES. 

On  adding  hydrochloric  or  slightly  diluted  sulphuric  acid  to  a 
solid  or  dissolved  carbonate,  effervescence  of  carbonic  anhydride 
C0a,  is  produced,  either  immediately  or  on  gently  warming.  The 
gas  is  free  from  any  marked  smell,  and  does  not  affect  lead  paper, 
but  turns  lime  water  milky,  from  the  precipitation  of  carbonate 
of  calcium  CaC03.  It  may  be  tested  by  means  of  the  apparatus 
shown  in  fig.  37 ;  or,  being  one  and  a  half  times  as  heavy  as  air, 
it  may  be  generated  in  one  test  tube,  and  then  carefully  poured 
into  another  containing  some  lime  water,  with  which  it  is  to  be 
agitated.  The  lime  water  may  be  replaced  by  baryta- water  or  a 
solution  of  basic  acetate  of  lead. 

/3.  Soluble  carbonates  give  precipitates  with  salts  of  silver, 
barium,  calcium,  &c.,  &c.,  which  disappear  with  effervescence  on 
the  addition  of  any  acid. 
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(93.)  SULPHIDES  AND  SULPHYDRATES. 

a.  Most  sulphides  when  acted  upon  by  hydrochloric  or  mode- 
rately  dilute  sulphuric  acid,  especially  -p.     ^ 

on  the  application  of  heat,  evolve  sul- 
phuretted hydrogen,  which  is  known 
by  its  offensive  smell,  and  by  the 
brown  or  lustrous  black  stain  it  pro- 
duces  on  lead  paper.  All  sulphides, 
when  fused  with  carbonate  of  sodium 
in  a  porcelain  capsule,  leave  a  residue 
which  disengages  sulphuretted  hydro- 
gen upon  the  addition  of  an  acid. 
The  residue,  moistened  with  water, 
gives  a  black  stain  to  silver  coin,  and 
a  purple  colouration  with  nitroprus- 
side  of  sodium  (vide  /3  and  y). 

/3.  Soluble  sulphides,  including  sul- 
phide of  hydrogen,  give  with  nitrate 
of  silver  a  black  precipitate  of  sul- 
phide of  silver  AgaS,  which  does  not 
disappear  on  the  addition  of  cold  nitric 
acid.  They  also  produce  a  black  stain 
on  metallic  silver,  or  acetate  of  lead 
paper.  The  precipitate  of  sulphide 
of  lead  PbS,  thrown  down  from  any 
dissolved  lead  salt,  is  not  affected  by 
dilute  mineral  acids,  save  on  the  ap- 
plication of  heat. 

y.  Nitroprusside  of  sodium  produces  a  magnificent  purple 
colouration  with  soluble  sulphides,  even  when  extremely  dilute. 
The  effect,  however,  is  not  obtained  with  sulphide  of  hydrogen 
until  after  the  addition  of  a  drop  or  so  of  alkali. 

£.  Many  sulphides,  when  heated  in  a  glass  tube  open  at  both 
ends,  evolve  sulphurous  anhydride  S0a,  which  is  known  by  its 


I3O  EXAMINATION    FOR   ACIDS. 

smell  of  burning  sulphur,  and  by  its  producing  a  purple  stain  on 
starch  paper  moistened  with  iodic  acid. 


(94.)  SULPHITES. 

a.  Hydrochloric  or  sulphuric  acid  causes  an  effervescence  of 
sulphurous  acid  or  anhydride  S02,  known  by  its  smell  of  burning 
sulphur,  and  by  the  purple  colouration  it  gives  to  starch  paper 
moistened  with  iodic  acid.  On  the  addition  of  a  fragment  of 
zinc,  the  sulphurous  is  replaced  by  sulphydric  acid,  known  by  its 
effect  on  lead  paper.  Hyposulphites  behave  in  a  similar 
manner,  except  that  the  effervescence  of  sulphurous  acid  is 
accompanied  by  a  deposition  of  yellow  sulphur. 

ft.  Perchloride  of  iron  produces  in  neutral  solutions  a  red 
colouration,  which  disappears  on  the  addition  of  a  strong  acid, 
and  is  destroyed  by  boiling,  with  formation  of  a  brown  deposit  of 
ferric  oxide. 

(95.)  SULPHATES. 

a.  Nitrate  or  chloride  of  barium  throws  down  an  opaque  white 
precipitate  of  sulphate  of  barium  BaS04,  which  does  not  dis- 
appear on  the  addition  of  hydrochloric  or  nitric  acid  even  at  a 
boiling  heat.  But  in  presence  of  a  large  excess  of  nitric  acid 
a  portion  of  sulphate  of  barium  remains  in  solution.  The  seleniate 
and  silicofluoride  of  barium  resemble  the  sulphate  in  being 
precipitable  from  acid  solutions ;  but,  when  boiled  with  strong 
hydrochloric  acid,  the  seleniate  dissolves  with  evolution  of 
chlorine,  while  the  silicofluoride,  which  is  very  transparent, 
dissolves,  with  the  exception  of  a  little  silica. 

(96.)  CHLORIDES. 

a.  Nitrate  of  silver  produces  a  white  clotty  precipitate  of 
chloride  of  silver  AgCl,  which  becomes  slate-coloured  on  ex- 
posure to  light.  It  is  insoluble  even  in  boiling  concentrated 
nitric  acid,  but  is  readily  soluble  in  ammonia.  When  heated  in  a 
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porcelain  capsule,  it  does  not  undergo  decomposition,  but  simply 
fuses. 

/3.  Chlorides,  when  heated  with  strong  sulphuric  acid,  save 
those  of  mercury,  silver,  and  tin,  evolve  hydrochloric  acid  gas, 
known  by  its  pungent  smell  and  acid  reaction.  When  heated 
with  peroxide  of  manganese  and  sulphuric  acid,  chlorine  gas  is 
given  off,  recognisable  by  its  irritant  odour,  green  colour,  power 
of  bleaching  litmus,  &c.,  and  by  the  purple  stain  it  produces  on 
a  piece  of  starch  paper  moistened  with  iodide  of  potassium. 

(97.)  BROMIDES. 

a.  The  precipitate  of  bromide  of  silver  AgBr,  produced  by 
nitrate  of  silver  in  solutions  of  bromides,  closely  resembles  the 
chloride,  except  that  it  has  a  faint  tinge  of  yellow  and  is  less 
readily  soluble  in  ammonia. 

J3.  Bromides  when  heated  with  strong  sulphuric  acid,  with  or 
without  the  addition  of  peroxide  of  manganese,  evolve  bromine, 
which  is  recognised  by  the  red  colour  and  irritant  smell  of  its 
vapour,  by  its  bleaching  litmus,  and  turning  starch  paper  yellow. 

(98.)  IODIDES. 

a.  The  precipitate  of  iodide  of  silver  Agl,  produced  by  nitrate 
of  silver  in  solutions  of  iodides,  is  of  a  pale  yellow  colour,  in- 
soluble in,  but  turned  white  by,  ammonia,  and  in  other  respects 
similar  to  the  chloride. 

/3.  A  sufficiency  of  chloride  of  mercury  produces  a  scarlet  pre- 
cipitate of  iodide  of  mercury  HgI2 ;  while  acetate  of  lead  throws 
down  a  yellow  precipitate  of  iodide  of  lead  PbI2,  somewhat  soluble 
in  boiling  water,  and  deposited  therefrom  on  cooling,  in  golden 
scales. 

y.  Iodides  when  acted  upon  by  strong  sulphuric  acid  with  or 
without  peroxide  of  manganese,  evolve  iodine,  known  by  its  violet 
Vapour,  staining  starch  paper  purple. 
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5.  A  drop  or  two  of  chlorine  water,  or  of  nitric  or  preferably 
nitre-hydrochloric  acid,  added  to  a  dissolved  iodide,  causes  a 
liberation  of  its  iodine,  which,  if  in  any  quantity,  imparts  a  yellow- 
brown  colour  to  the  liquid.  But  in  presence  of  dilute  starch 
paste,  a  deep  purple  colour  is  developed  ;  and  chloroform  or 
disulphide  of  carbon  shaken  with  the  liquid  becomes  of  a  bright 
pink  or  crimson  colour. 

(99.)  CYANIDES. 

a.  Nitrate  of  silver  throws  down  a  white  clotty  precipitate  of 
cyanide  of  silver  AgCl,  not  altered  in  colour  by  exposure  to 
light.  It  is  readily  soluble  in  ammonia,  insoluble  in  cold,  but 
soluble  in  boiling  concentrated  nitric  acid. 

The  white  precipitates  produced  by  nitrate  of  silver  in  ferro- 
cyanide  and  sulphocyanate  solutions,  and  the  brown  preci- 
pitate produced  in  ferridcyanide  solutions  are  insoluble  in 
nitric  acid. 

/3.  When  a  mixture  of  ordinary  sulphate  of  iron  and  potash  is 
added  to  a  simple  cyanide,  no  obvious  effect  is  produced,  but  on 
acidification  with  hydrochloric  acid  the  unaltered  hydrates  of 
iron  are  dissolved,  and  Prussian  blue  or  sesquiferrocyanide  of 
iron,  Fe7Cyl8  or  Fe3"Cy6,  Fe4"'Cyla,  is  left  as  a  deep  blue  precipitate. 

y.  Cyanides,  including  cyanide  of  silver,  when  acted  upon  by 
yellow  sulphide  of  ammonium,  are  converted  into  sulphocyanates 
MCyS3.  After  evaporating  to  dryness,  to  expel  the  excess 
of  sulphide  of  ammonium,  perchloride  of  iron  gives  a  deep 
red  colouration  due  to  the  production  of  ferric  sulphocyanate 
Fe'"(CyS)3. 

(100.)  PHOSPHATES. 

a.  Sulphate  of  magnesium  added  to  a  phosphate  solution 
rendered  alkaline  by  ammonia,  and  containing  chloride  of  ammo- 
nium, produces  a  white  crystalline  precipitate  of  phosphate  of 
magnesium  and  ammonium  Mg(NH4)P04,  readily  soluble  in  acids. 
The  formation  of  the  precipitate  is  facilitated  by  rubbing  the 
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inside  of  the  tube  with  a  stirring  rod.  Chloride  of  barium  or 
calcium  produces  in  neutral  or  ammoniacal  phosphate  solutions  a 
white  precipitate  of  phosphate  of  calcium  or  barium,  soluble  even 
in  acetic  acid. 

/3.  Nitrate  of  silver  added  to  a  neutral  or  nearly  neutral  phos- 
phate solution,  produces  a  yellow  (under  certain  circumstances 
white)  precipitate  of  phosphate  of  silver  Ag3P04,  soluble  in 
ammonia  and  dilute  nitric  acid. 

y.  Perchloride  of  iron  produces  in  phosphate  solutions  which 
are  neutral,  or  acid  only  with  acetic  aci  J,  a  pale  brown  precipitate 
of  phosphate  of  iron  Ffe"T04.  An  excess  of  acetate  of  ammo- 
nium may  be  added  to  a  solution  of  phosphate  of  magnesium  or 
calcium  in  the  smallest  sufficient  quantity  of  hydrochloric  acid, 
whereby  the  free  hydrochloric  is  replaced  by  free  acetic  acid. 
Then,  on  adding  a  drop  of  perchloride  of  iron,  a  deep  red 
colour,  speedily  changing  into  an  opaque  white  cloud,  is  pro- 
duced. On  adding  more  perchloride  of  iron  gradually,  until  the 
liquid  remains  permanently  red,  and  afterwards  boiling  and  filter- 
ing, a  colourless  nitrate  is  obtained,  free  alike  from  phosphoric  acid 
and  iron,  but  containing  chloride  of  calcium  or  magnesium. 

8.  Excess  of  molybdata  of  ammonium  added  to  a  phosphate 
solution  containing  free  nitric  acid,  produces,  either  immediately 
or  on  gentle  warming,  a  bright  yellow  precipitate  of  a  phospho- 
molybdate  of  ammonium  of  uncertain  composition. 

Except  that  the  arseniate  of  silver  is  brick  red  instead  of  yellow 
or  white,  all  the  above  described  reactions  apply  equally  to 
arsenic  and  phosphoric  acids.  Arsenic  acid  may,  however,  be 
got  rid  of  by  treatment  of  its  solution  with  sulphurous  acid  and 
sulphydric  acid  in  succession,  or  by  prolonged  treatment  with 
sulphydric  acid  alone  (vide  par.  66). 

(101.)  OXALATES. 

Unlike  most  organic  acids,  save  those  which  volatilise  without 
decomposition,  neither  oxalic  acid  nor  its  salts  become  charred  by 
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the  action  of  heat  or  strong  sulphuric  acid.     They  effervesce  with 
dilute  sulphuric  acid  and  peroxide  of  manganese. 

a.  Oxalates  soluble  in  water,  or  oxalates  soluble  in  acid  after 
the  addition  of  acetate  of  ammonium,  give  with  chloride  or  even 
sulphate  of  calcium  a  white  precipitate  of  oxalate  of  calcium 
CaCa04,  insoluble  in  ammonia  and  in  acetic  acid,  but  soluble  in 
dilute  mineral  acids. 

/3.  Nitrate  of  silver  and  chloride  of  barium  give  with  neutral 
oxalates  white  precipitates  of  oxalate  of  silver  AgaC304,  and 
oxalate  of  barium  BaC204,  respectively,  soluble  in  dilute  nitric, 
but  insoluble  or  very  sparingly  soluble  in  acetic  acid. 

(102.)  TARTRATES. 

Tartaric  acid  and  tartrates,  when  ignited,  evolve  a  peculiar 
odour,  and  leave  an  abundant  charcoal.  They  become  blackened 
when  heated  with  strong  sulphuric  acid ;  whereas  citric  acid  and 
the  citrates  acquire  only  a  yellow  colour. 

a.  Chloride  of  calcium  produces  in  neutral  tartrates  a  white 
precipitate  of  tartrate  of  calcium  Ca"H4C406,  soluble  even  in 
acetic  acid.  On  heating  the  washed  precipitate  with  aqueous 
potash,  filtering  the  mixture  and  boiling  the  filtrate,  a  white  tur- 
bidity is  produced  which  disappears  on  cooling.  Chloride  of 
calcium  does  not  precipitate  neutral  citrates  in  the  cold  ;  but,  upon 
boiling,  a  temporary  white  turbidity  is  produced. 

p.  Nitrate  of  silver  throws  down  from  neutral  tartrates  a  white 
precipitate  of  tartrate  of  silver  AgaH4C406,  soluble  in  dilute  nitric 
acid  and  in  ammonia,  and  decomposed  on  boiling,  with  black- 
ening and  reduction.  Chloride  of  barium  does  not  precipitate 
tartrates  in  the  presence  of  ammoniacal  salts  or  free  acid. 

y.  Neutral  tartrates  of  potassium,  and  of  sodium  and  ammo- 
nium in  presence  of  chloride  of  potassium,  yield,  on  acidification 
with  acetic  acid,  a  white  crystalline  precipitate  of  cream  of 
tartar,  or  acid  tartrate  of  potassium  KE5C406,  which  deposits 
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most  readily  on  stirring,  and  is  soluble  in  boiling  water  and 
mineral  acids. 

(103.)  ACETATES. 

a.  Perchloride  of  iron  added  to  a  neutral  acetate  produces 
a  deep  red  colour,  from  the  formation  of  peracetate  of  iron 
Fe'"(H3Ca02)3.  The  colour  is  destroyed  on  the  addition  of  a 
mineral  acid,  or  on  boiling ;  in  the  latter  case  with  formation  of 
an  ochry  deposit. 

/3.  Nitrate  of  silver  produces,  in  concentrated  solutions  only,  a 
white  precipitate  of  acetate  of  silver  AgH3Ca02,  soluble  in  hot 
water,  in  dilute  nitric  acid,  and  in  ammonia. 

y.  On  warming  a  solid  acetate,  or  its  concentrated  solution, 
with  sulphuric  acid,  acetic  acid  is  liberated,  recognisable  by  its 
well-known  smell ;  but  in  presence  of  alcohol  the  fragrant  vapour 
of  acetic  ether  (C,.H5)H3CaOa ,  is  evolved  instead, 

(104.)  BENZOATES. 

Benzoates  evolve  the  characteristic  smell  of  benzene  upon 
ignition,  and  yield  a  sublimate  of  benzoic  acid  when  warmed 
with  strong  sulphuric  acid ;  but  in  neither  case  do  they  undergo 
much  charring. 

a.  Perchloride  of  iron  gives  with  neutral  benzoates  a  brownish- 
yellow  precipitate  of  perbenzoate  of  iron  Fe'"(H5C7Oa)3,  which 
dissolves  completely  in  warm  dilute  hydrochloric  acid  forming  a 
solution  from  which  benzoic  acid  crystallises  out  on  cooling. 

/3.  Nitrate  of  silver  gives  a  white  clotty  precipitate  of  benzoate 
of  silver  AgH5C70.,,  soluble  in  hot  water,  in  dilute  nitric  acid, 
and  in  ammonia. 

(105.)  BORATES. 

Borate  solutions  have  usually  an  alkaline  reaction  to  test-paper. 
Several  borates  are  sparingly  soluble,  but  none  of  them  insoluble 
in  water ;  whence  dilute  solutions  of  borates  are  non-precipitable. 
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a.  Alcohol  added  to  a  mixture  of  sulphuric  acid  and  a  bonite, 
burns  with  a  marked  green  flame,  the  colour  of  which  is  best 
brought  out  on  stirring  the  burning  mixture. 

/3.  The  solution  of  a  borate,  acidified  with  hydrochloric  acid, 
has  the  property  of  turning  turmeric  paper  of  the  brown  colour 
usually  caused  by  alkalis.  Even  with  dilute  solutions  the 
colouration  becomes  well  marked  on  drying  the  paper.  The 
acidification  of  not  too  dilute  borate  solutions  is  attended  with 
the  precipitation  of  boric  or  boracic  acid  H3B03. 


(106.)  FLUORIDES. 

a.  Fluorides,  when  gently  heated  with  strong  sulphuric  acid, 
evolve  hydrofluoric  acid  vapour  HF,  which  becomes  opaque  in 
moist  air,  and  has  a  very  pungent,  irritating  smell.  The  expe- 
riment is  best  made  in  a  platinum  crucible,  but  should  a  test- 
tube  or  watch-glass  be  employed,  its  interior  will  afterwards 
be  found  corroded.  When  a  piece  of  flat  glass,  covered  with  a 
layer  of  beeswax,  through  which  some  markings  have  been 
scratched,  is  exposed  for  a  little  while  to  the  action  of  the 
vapour,  the  markings  become  permanently  etched  upon  the  glass, 
and  even  if  very  slight  may  be  rendered  evident  by  breathing 
upon  its  well- polished  surface. 

/3.  Fluorides,  mixed  with  silica  or  any  silicate,  and  warmed 
with  sulphuric  acid,  evolve  gaseous  fluoride  of  silicon  SiF4,  as  a 
pungent,  irritating  gas,  rendered  opaque  and  acid  by  moist  air, 
in  consequence  of  the  following  decomposition  :— 

3SiF4     +     3HaO       =       aHaSiF6     +     HaSi03    or    H8O.Si03. 

Hence  the  wetted  surface  of  a  strip  of  glass,  dipped  into  the 
gas,  or  the  moist  interior  of  a  tube  through  which  it  is  trans- 
mitted, as  shown  in  fig.  38,  soon  acquires  an  opaque  coating  of 
silica. 

y.  The  soluble  fluorides  of  potassium  and  sodium  give  with 
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chloride  of  calcium  or  chloride  of  barium  a  gelatinous  white  pre- 
cipitate, soluble  in  hydrochloric  acid,  slightly  soluble  in  am- 
moniacal  salts,  and  scarcely  at  all  soluble  in  acetic  acid ;  though, 
indeed,  the  precipitated  fluoride  of  calcium  CaPa,  or  of  barium 
BaF,,,  is  often  accompanied  by  some  silicofluoride  insoluble  in 
hydrochloric  acid.  Fluor-spar,  or  native  fluoride  of  calcium,  is 
not  readily  soluble  in  hydrochloric  acid,  but  an  available  solution 
may  be  obtained  by  digesting  the  finely-powdered 
spar  for  some  time  in  the  strong  acid,  and  then  boiling  &•  3°- 
the  mixture  after  dilution  with  water. 


(107.)  SILICATES. 

Silicates  of  potassium  and  sodium,  when  not  con- 
taining an  excess  of  silica,  are  soluble  in  water,  but  all 
other  silicates  are  insoluble. 

a.  On  acidifying  the  solution  of  a  silicate  of  alkali- 
metal  with  hydrochloric  acid  complete  decomposition 
takes  place,  most  usually  with  precipitation  of  some 
silicic  acid  in  the  gelatinous  form,  while  another  por- 
tion remains  dissolved  in  the  acid  liquid.  Under  cer- 
tain circumstances,  however,  as  when  the  silicate  solu- 
tion is  rather  dilute,  or  when  it  is  added  at  once  to  an 
excess  of  hydrochloric  acid,  there  may  not  be  any  pre- 
cipitation whatever.  But  in  any  case,  upon  evaporating 
down  the  clear  acidified  solution,  the  whole  of  the  dissolved  silicic 
acid  separates  out  in  the  form  of  silica,  which,  after  drying,  is 
insoluble  both  in  acid  and  alkaline  solutions.  The  precipitate  of 
gelatinous  silicic  acid  is  readily  soluble  in  solutions  of  caustic 
alkali,  and  even  of  carbonated  alkali  when  gently  warmed  there- 
with ;  but  upon  drying  at  a  moderate  heat,  it  becomes  hard, 
gritty,  and  insoluble. 

(3.  Owing  to  the  incompetency  of  silicic  acid  to  form  a  salt 
with  ammonia,  chloride  or  carbonate  of  ammonium  added  to  a 
dissolved  silicate  of  alkali-metal  precipitates  gelatinous  silica, 
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which  separates  more  completely  on  evaporation,  at  the  same 
time  becoming  anhydrous. 

y.  Carbonate  of  sodium  fused  before  the  blowpipe  on  a  loop  of 
platinum  wire  furnishes  a  bead  which  is  transparent  while  hot, 
opaque  when  cold ;  but  a  little  silica  added  to  the  strongly  heated 
bead  dissolves  therein  with  effervescence,  and,  if  in  sufficient 
quantity,  renders  it  permanently  transparent, 
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CHAPTER   III. 
TOXICOLOGICAL   CHEMISTKY. 

(108.)  FOR  the  performance  of  this  part  of  the  course,  the  student 
should  be  provided  in  succession  with  the  principal  poisons  in  the 
various  forms  in  which  they  ordinarily  occur  in  medico-legal 
practice.  He  must  examine  each  poison  in  the  several  conditions  in 
which  it  is  presented  to  him,  and  verily  all  its  described  reactions. 
The  different  poisons  may  be  met  with  in  the  ordinary  state  in 
which  they  are  sold;  dissolved  in  or  diluted  with  water;  in 
various  organic  liquids,  either  the  vehicles  in  which  they  were 
administered,  or  the  contents  of  the  stomach  for  instance ;  mixed 
with  solid  food;  in  the  tissues  of  different  organs,  more  particu- 
larly the  liver  and  kidney ;  and  as  stains  upon  clothing.  They 
may  be  roughly  classified  into  acid  poisons,  including  the  sulphuric, 
nitric,  hydrochloric  and  oxalic  acids ;  metallic  poisons,  including 
compounds  of  mercury,  lead,  copper,  arsenic  and  antimony ;  and 
organic  poisons,  including  prussic  acid,  strychnia,  and  opium. 


§  I.— SULPHURIC  ACID. 
(109.)  CONCENTRATED. 

a.  Appearance.  Concentrated  sulphuric  acid,  or  oil  of 
vitriol,  occurs  as  a  heavy,  somewhat  oily  liquid,  usually  having  a 
more  or  less  marked  brownish  tint. 

/3.  Volatility.      A  few  drops  of  the  acid,  when  cautiously 
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heated  upon  a  watch-glass,  or  on  platinum  foil,  disappear  entirely 
with  the  formation  of  opaque  white  acrid  fumes. 

y.  Heat  on  admixture  with  water.  Upon  agitating  a 
drachm  or  so  of  the  strong  acid  with  about  an  equal  bulk  of  water, 
the  temperature  of  the  mixture  rises  very  considerably,  and  the 
outside  of  the  tube  or  other  containing  vessel  becomes  insup- 
portably  hot  to  the  hand. 

3.  Charring  organic  matter.  A  piece  of  paper,  wood,  or 
sugar,  dipped  into  the  strong  acid,  speedily  becomes  blackened  or 
carbonised. 

£.  Evolution  of  sulphurous  acid.  Upon  gently  heating 
sulphuric  acid  in  a  test  tube  with  some  chips  of  wood,  copper 
turnings,  or  mercury,  a  vapour  having  the  peculiar  suffocating 
smell  of  burning  sulphur  is  evolved ;  while  a  piece  of  starch- 
paper,  moistened  with  iodic  acid  solution  and  held  over  the  mouth 
of  the  tube,  acquires  a  purple  colour,  which,  however,  the  pro- 
longed action  of  the  vapour  ultimately  causes  to  disappear. 

(no.)  DILUTED. 

a.  Acid  reaction,  &c.  Dilute  sulphuric  acid  is  entirely 
volatilisable  by  heat,  has  a  marked  acid  reaction  to  test  paper, 
and  dissolves  a  fragment  of  carbonate  of  ammonium  or  sodium 
with  rapid  effervescence. 

(3.  Charring  after  concentration.  Marks  upon  paper 
made  with  the  dilute  acid  appear  simply  wet,  but  become 
gradually  black  from  carbonisation,  on  carefully  drying  the  paper 
over  a  stove  or  gas  flame. 

y.  Precipitation  of  sulphate  of  barium.  Solution  of 
nitrate  or  chloride  of  barium  throws  down  from  dilute  sulphuric 
acid  a  white  precipitate  of  sulphate  of  barium,  not  affected  by 
the  addition  of  nitric  or  hydrochloric  acid. 

c.  Recognition  of  sulphur  in  precipitate.  The  pre- 
cipitate having  been  collected  on  a  filter,  is  washed,  dried,  and 
intimately  mixed  with  about  an  equal  quantity  of  black  flux. 
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The  mixture  is  then  heated  to  redness  in  a  reduction  tube  or 
before  the  blowpipe,  whereby  a  fused  residue  is  obtained,  from 
which  hydrochloric  acid  causes  an  evolution  of  sulphuretted 
hydrogen  gas,  recognisable  by  means  of  lead  paper,  to  which  it 
imparts  a  glistening  black  or  brown  discolouration. 

(in.)  IN  ORGANIC  LIQUIDS. 

a.  Sulphuric  acid  contained  in  an  organic  liquid,  such  as  coffee, 
beer,  or  the  contents  of  the  stomach,  readily  manifests  all  the 
above  described  properties  of  the  dilute  acid,  except  that  of 
volatility.  Should  the  liquid  be  viscid  or  turbid,  it  must  be 
diluted  freely  with  water  or  proof  spirit,  and  strained  through 
fine  muslin,  or,  if  practicable,  filtered  through  paper.  The  filtrate 
is  precipitable  by  nitrate  or  chloride  of  barium  (vide  1 10) ;  and 
upon  being  evaporated  down,  becomes  more  strongly  acid,  chars, 
and  evolves  sulphurous  acid  gas  {vide  109).  Although,  from  the 
administration  of  antidotes  in  cases  of  sulphuric  acid  poisoning, 
the  contents  of  the  stomach  or  vomited  matters  may  not  exhibit 
any,  or  only  a  very,  slight  acid  reaction,  they  may,  nevertheless, 
yield  an  abundant  precipitate  of  sulphate  of  barium. 

(i  12.)  STAINS  ON  CLOTHING. 

a.  The  concentrated  acid  produces,  upon  black  cloth,  for 
instance,  a  farown  stain  with  or  without  a  red  border ;  and  the 
diluted  acid  a  red  stain,  gradually  becoming  brown.  The  stains 
remain  moist  for  a  long  time,  and  in  all  cases  the  fibre  becomes 
destroyed  with  greater  or  less  rapidity.  By  treating  the  stained 
pieces  with  water,  a  solution  of  sulphuric  acid  is  obtained,  which 
manifests  acidity  to  test  paper,  and  yields  a  white  precipitate  with 
nitrate  of  barium.  A  portion  of  the  stained  stuff  heated  in  a 
reduction  tube  evolves  sulphurous  acid,  recognisable  by  its  smell, 
and  by  its  reaction  upon  starch  paper  moistened  with  iodic  acid 
solution. 
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§  II.— NITEIC    ACID. 
(113.)  CONCENTRATED. 

o.  Appearance.  Nitric  acid  when  pure  is  colourless ;  but 
when  containing  peroxide  of  nitrogen  is  straw-yellow  or  orange, 
and  sometimes  even  green  or  blue. 

ft.  Volatility.  The  concentrated  acid  when  exposed  to  the 
air  at  ordinary  temperatures  gives  off  colourless  or  orange  fumes, 
having  a  characteristic  smell,  and  a  strongly  marked  acid  reaction. 
A  few  drops  of  the  acid  heated  upon  a  watch-glass  disappear 
without  leaving  any  residue. 

y.  Action  on  organic  matter.  A  strip  of  flannel  or  other 
nitrogenised  organic  tissue  dipped  into  strong  nitric  acid  becomes 
stained  distinctly  yellow  ;  the  colour  being  rendered  darker  and 
browner  by  the  subsequent  action  of  caustic  alkali.  Black  and 
coloured  cloths  likewise  become  stained  of  a  yellow  colour,  and 
rapidly  corroded  by  the  strong  acid. 

S.  Action  on  metals.  When  nitric  acid  is  gently  warmed 
in  a  test-tube  with  a  drop  or  two  of  mercury  or  a  few  copper- 
turnings,  violent  chemical  action  takes  place,  as  evidenced  by  the 
solution  of  the  metal,  and  the  copious  evolution  of  orange-brown 
vapours  which  redden  but  do  not  bleach  litmus  paper,  and 
produce  a  purple  colouration  on  starch  paper  moistened  with 
iodide  of  potassium. 

e.  Reaction  with  sulphate  of  iron.  Nitric  acid  added 
to  a  cold  moderately  concentrated  solution  of  sulphate  of  iron, 
produces  a  dark  greenish-brown  discolouration,  which  disappears 
on  the  application  of  heat  with  evolution  of  orange  fumes. 

£.  Solution  of  gold.  Gold  leaf  is  unacted  upon  by  boiling 
nitric  acid,  but  upon  the  addition  thereto  of  a  little  hydrochloric 
acid  it  undergoes  rapid  solution. 

(114.)  DILUTED. 

a.  Acid  reaction,  &c.  Dilute  nitric  acid  is  completely 
volatilised  by  heat ;  has  a  marked  acid  reaction  ;  when  evaporated 
from  paper  moistened  with  it,  does  not  leave  a  black,  but  only  a 
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slightly  yellow  stain  ;  produces  upon  black  cloth  a  stain,  red  at 
first,  but  ultimately  yellow ;  and,  if  pure,  gives  no  precipitate  with 
solutions  of  chloride  of  b^ri^m  and  nitrate  of  silver  respectively. 
When  neutralised  by  the  hydrate  or  carbonate  of  sodium,  potas- 
sium, or  barium,  it  is  converted  into  a  nitrate  which  may  be  ob- 
tained solid  and  crystalline  by  careful  evaporation. 

(115.)  NITRATES. 

a.  Crystalline  form.  A  drop  or  so  of  the  aqueous  solution 
of  a  nitrate  heated  slowly  upon  a  glass  plate  until  a  solid  margin 
appears  round  the  edge  of  the 
liquid,  yields  upon  cooling  a  well 
crystallised  residue,  which  may 
be  examined  by  a  pocket  lens  or 
the  low  power  of  a  microscope. 
The  potassium  salt  crystallises  in 
long  fluted  six-sided  prisms,  the 
sodium  salt  (fig.  39),  in  rhombic 
plates,  and  the  barium  salt  in 
octahedrons. 

(3.  Deflagration  with  char- 
coal.    A  solid  nitrate  heated  upon 

charcoal,  or  heated  with  charcoal  powder  on  platinum  foil,  un- 
dergoes deflagration  ;  while  a  piece  of  filtering  paper  moistened 
with  the  solution  of  a  nitrate  and  dried,  burns  in  the  characteristic 
manner  of  touch  paper. 

y.  Evolution  of  peroxide  of  nitrogen.  When  a  mix- 
ture of  a  little  powdered  nitrate  with  a  few  copper  filings  is  acted 
upon  by  sulphuric  acid  and  gently  warmed,  orange-brown  fumes 
are  given  off,  which  redden  but  do  not  bleach  litmus  paper,  and 
produce  a  purple  colouration  on  starch  paper  moistened  with 
iodide  of  potassium.  This  experiment  may  be  performed  satis- 
factorily with  less  than  one-tenth  of  a  grain  of  nitre. 

I.  Keaction  with  sulphate  of  iron.  When  a  solution  of 
sulphate  of  iron  is  poured  carefully  upon  some  sulphuric  acid,  to 
which  a  minute  fragment  of  a  nitrate  has  been  added,  or  upon  a 
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cooled  mixture  of  sulphuric  acid  with  a  little  nitrate  solution, 
a  deep  greenish-brown  halo  is  produced  at  the  junction  of  the 
.two  liquids,  as  shown  in  fig.  36.  This  test  is  also  extremely 
delicate. 

€.  Solution  of  gold.  Gold  leaf  when  boiled  in  hydro- 
chloric acid  remains  unchanged,  but  upon  the  addition  of  a  little 
nitrate  becomes  dissolved  wholly  or  in  part.  To  demonstrate  the 
solution  of  the  gold  in  the  latter  case,  protochloride  of  tin  may  be 
added,  which  will  give  rise  to  a  purplish  precipitate  or  turbidity. 

(116.)  IN  ORGANIC  MIXTURES. 

a.  Solid  matters  should  be  digested  for  some  time  in  cold  water, 
and  the  liquid  filtered  off.  This  method  is  applicable  to  stains 
on  clothing,  when  not  of  too  long  standing.  Viscid  and  turbid 
liquids  are  simply  mixed  with  water  and  filtered.  The  suspected 
filtrate  is  next  tested  with  blue  litmus  paper,  and  if  found  to  be 
acid,  neutralised  carefully  with  a  solution  of  carbonate  or  hydrate 
of  sodium,  evaporated  down  to  the  crystallising  point,  and  set 
aside.  If  practicable,  the  resulting  deposit  may  be  collected,  dried 
by  pressure  between  folds  of  bibulous  paper,  dissolved  in  a  little 
warm  water,  and  the  solution,  filtered  if  necessary,  evaporated,  and 
recrystallised.  Lastly,  the  crystalline  residue  is  to  be  examined 
microscopically,  and  by  the  several  chemical  tests  mentioned  in 
the  preceding  section.  The  acid  reaction  may  be  wanting  in 
organic  mixtures,  through  a  neutralisation  of  the  nitric  acid 
originally  administered. 

§  III.— HYDRO CHLOEIC  ACID. 
(117.)  CONCENTRATED. 

a.  Appearance.  The  pure  solution  is  colourless,  or  of  a 
scarcely  perceptible  greenish  tinge  ;  but  the  commercial  acid  has 
frequently  a  bright  yellow  colour,  from  the  presence  of  perchloride 
of  iron. 

/3.  Volatility.  At  ordinary  temperatures  the  strong  acid 
evolves  colourless,  almost  transparent  fumes,  which  have  a  marked 
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acid  reaction,  a  characteristic  smell,  and,  in  common  with  other 
acid  fumes,  become  opaque  upon  admixture  with  ammoniacal 
vapour.  The  liquid  acid  heated  on  a  watch-glass  evaporates 
without  leaving  any  residue. 

y.  Action  on  organic  matter.  Most  organic  tissues  are 
gradually  corroded  and  tinged  of  a  yellow  colour  by  immersion 
in  the  strong  acid ;  but  the  stains  produced  on  black  cloth  are  at 
first  distinctly  red,  and  after  some  days  reddish-brown. 

5.  Want  of  action  on  metals.  Hydrochloric  acid  boiled 
with  a  little  copper  or  mercury  simply  evaporates,  leaving  the 
metal  unchanged,  or  very  nearly  so. 

e.  Evolution  of  chlorine.  Peroxide  of  manganese  warmed 
with  hydrochloric  acid  in  a  test  tube  produces  an  abundant 
evolution  of  chlorine  gas,  recognisable  by  its  greenish-yellow 
colour  and  irritating  smell.  It  quickly  bleaches  litmus  paper,  and 
produces  a  purple  colouration  on  starch  paper  moistened  with 
iodide  of  potassium. 

(118.)  DILUTED. 

o.  Neutralisation  by  carbonates,  &c.  Dilute  hydro- 
chloric acid  is  completely  volatile,  has  a  marked  acid  reaction,  and 
dissolves  most  carbonates  with  effervescence,  forming  chlorides, 
which  may  be  obtained  in  the  solid  state  on  evaporation ;  the  al- 
kaline chlorides,  and  particularly  chloride  of  sodium,  crystallising 
in  cubical  or  stauroid  forms.  Chlorine  may  be  liberated  from  the 
evaporated  residue  by  the  action  of  sulphuric  acid  and  peroxide 
of  manganese. 

/3.  Precipitation  of  chloride  of  silver.  Solution  of 
nitrate  of  silver  added  to  hydrochloric  acid  throws  down  a  white 
clotty  precipitate  of  chloride  of  silver,  which  subsides  readily 
after  brisk  agitation,  and  by  exposure  to  light  acquires  a  grey  or 
purplish  colour.  One  portion  of  the  precipitate  may  be  treated 
with  ammonia,  in  which  it  will  dissolve,  and  another  portion 
boiled  with  nitric  acid,  by  which  it  will  be  unaffected,  while  the 
remainder  may  be  washed,  dried,  and  ignited  in  a  porcelain  cap- 
sule, when  it  will  fuse  into  a  horny  mass. 
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(119.)  TN  ORGANIC  LIQUIDS  OR  SOLIDS. 

o.  Distillation,  &c.  The  liquid  having  shown  an  acid 
reaction  to  test  paper,  may  be  strained  or  filtered  if  necessary, 
and  then  distilled  nearly  to  dryness  from  a  retort,  or  a  flask  to 
which  a  cork  and  delivery  tube  have  been  adapted,  as  in  fig.  40. 

Fig.  40. 


The  earlier  portions  ot  the  distillate  are  usually  little  else  than 
water,  but  the  later  portions  should  manifest  all  the  properties  ol 
dilute  hydrochloric  acid.  Solid  substances  may  be  digested  in 
distilled  water,  and  the  resulting  solution  examined  with  test 
paper  and  nitrate  of  silver.  If  possible,  a  portion  of  the  liquid 
should  be  evaporated  to  thorough  dryness,  and  the  dissolved 
residue  again  tested  with  nitrate  of  silver  to  ascertain  the  absence 
or  comparative  absence  of  metallic  chlorides. 

§  IV.— OXALIC  ACID. 
(120.)  SOLID. 

1  a.  Appearance,  &c.  Oxalic  acid  generally  occurs  in 
colourless,  more  or  less  well-defined  four-sided  prisms,  which 
dissolve  readily  in  boiling  water  to  form  a  solution  having  a 
marked  acid  reaction. 
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/3.  Volatility  without  charring.  A  few  crystals  of  the 
acid,  when  heated  upon  platinum  foil,  melt,  evolve  fumes,  and 
disappear  without  leaving  any  carbonaceous  residue. 

y.  Effervescence  with  manganese.  A  little  peroxide 
of  manganese,  free  from  carbonates,  when  added  to  oxalic  acid 
moistened  with  water,  sets  up  an  active  effervescence  of  carbonic 
acid  gas. 

(121.)  DISSOLVED. 

a.  Crystalline  form.  One  or  two  drops  of  the  strongly 
acid  liquid  evaporated  cautiously  upon  a  glass  plate  until  a  solid 
white  margin  appears,  yield  on 
spontaneous  cooling  a  crystalline 
residue  of  delicate,  long  flat  prisms, 
as  shown  in  fig  41. 

/3.  Precipitation  of  oxalate 
of  silver.  Nitrate  of  silver  pro- 
duces in  solution  of  oxalic  acid, 
more  abundantly  after  its  neutra- 
lisation or  partial  neutralisation 
with  ammonia,  an  opaque  white 
precipitate  of  oxalate  of  silver, 
which  is  not  discoloured  by  ebul- 
lition, but  may  dissolve  if  the  excess  of  oxalic  acid  be  large,  and 
is  readily  soluble  in  dilute  nitric  acid.  The  precipitate  collected 
on  a  filter,  washed,  dried,  and  then  ignited  upon  platinum  foil,  is 
dissipated  with  a  slight  explosion,  leaving  an  inconsiderable 
pulverulent  residue  of  metallic  silver. 

y.  Precipitation  of  oxalate  of  calcium.  Solution  of 
sulphate  of  calcium  added  freely  to  aqueous  oxalic  acid,  throws 
down  a  white  precipitate  of  oxalate  of  calcium,  insoluble  in  acetic, 
but  readily  soluble  in  dilute  nitric  acid.  By  ignition,  the  pre- 
cipitate is  converted  into  carbonate  of  calcium,  which  dissolves 
in  acetic  acid  with  effervescence. 

(122.)  IN  ORGANIC  LIQUIDS. 

a.  Eeaction  to  test  paper,  &c.     The  acid  reaction  is  verv 
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decided  even  when  the  poison  exists  but  in  very  small  proportion. 
It  is  often  necessary  to  filter  the  liquid,  after  previous  dilution  with 
water  or  proof  spirit,  or  at  any  rate  to  strain  it  through  muslin, 
before  applying  any  reagent. 

/3.  Precipitation  of  oxalate  of  lead.  Solution  of  acetate 
of  lead  added  to  the  strained  or  filtered  liquid,  throws  down  a 
precipitate  of  oxalate  of  lead,  either  white  or  discoloured  by  the 
organic  matter  present.  The  addition  of  the  reagent  is  to  be 
continued  until  it  no  longer  produces  a  fresh  precipitate.  This 
point  is  easily  ascertained  by  repeatedly  testing  the  supernatant 
liquid,  which  separates  readily  after  briskly  agitating  the  mixture. 

y.  Production  of  oxalic  acid.  The  above  precipitate  of 
oxalate  of  lead  having  been  collected  on  a  filter  and  thoroughly 

Fig.  42. 


washed,  is  made  into  a  thin  magma  with  water,  and  treated  with 
a  current  of  washed  sulphuretted  hydrogen  evolved  from  some 


CORROSIVE   SUBLIMATE.  149 

such  arrangement  as  that  shown  in  figs.  42  and  15,  until  the 
mixture,  after  agitation  and  standing  at  rest  for  a  minute  or  so, 
smells  strongly  of  the  gas;  when,  with  or  without  previous 
warming,  it  is  to  be  thrown  on  to  a  filter.  The  nitrate  will  be 
an  aqueous  solution  of  oxalic  acid,  which  will  yield  crystals  on 
evaporation,  and  manifest  all  the  above-described  reactions  of  the 
dissolved  acid. 

3.  Production  of  oxalate  of  ammonium.  Or  instead 
of  treating  the  washed  precipitate  of  oxalate  of  lead  with  sul- 
phuretted hydrogen,  it  may  be  boiled  for  a  short  time  with  a 
small  quantity  of  dilute  sulphuric  acid,  the  mixture  filtered,  and 
the  filtrate  neutralised  with  ammonia.  The  resulting  solution  of 
oxalate  of  ammonium  may  be  concentrated  by  evaporation  and 
tested  with  nitrate  of  silver  and  sulphate  of  calcium,  when  cha- 
racteristic precipitates  of  the  oxalates  of  silver  and  calcium 
respectively  will  be  obtained. 

(123.)  INSOLUBLE. 

a.  Oxalic  acid  is  sometimes  met  with  as  a  calcium  or  mag- 
nesium salt,  owing  to  the  exhibition  of  chalk  or  magnesia  as  an 
antidote.  The  insoluble  white  deposit,  when  boiled  for  some 
time  with  carbonate  of  sodium,  yields  a  solution  of  oxalate  of 
sodium,  which  after  filtration  and  careful  neutralisation  with  dilute 
nitric  acid,  may  be  tested  with  nitrate  of  silver  and  sulphate  of 
calcium  respectively.  It  is  recognisable  also  by  effervescing  upon 
treatment  with  peroxide  of  manganese  and  a  dilute  mineral  acid. 

§  V.—COREOSIVE  SUBLIMATE. 
(124.)  SOLID. 

a.  Appearance,  solubility.  &c.  Corrosive  sublimate  usually 
occurs  as  a  heavy,  white,  glistening  powder,  turned  black  by 
sulphide  of  ammonium,  yellow  by  potash,  and  scarlet  by  iodide 
of  potassium.  Boiled  with  a  little  water  in  a  test-tube  it  under- 
goes speedy  solution. 

/3.  Volatility.  A  small  portion  of  the  powder,  heated  on 
charcoal  or  platinum  foil,  disappears  completely  with  production 
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of  opaque  white  fumes.  Heated  in  a  narrow  tube  it  yields  a 
white  crystalline  sublimate. 

y.  Metallic  reduction.  When  a  little  of  the  powdered  salt, 
mixed  with  three  or  four  times  its  bulk  of  recently  calcined  car- 
bonate of  sodium,  is  introduced  into  a  thoroughly  dry  reduction 
tube,  the  mixture  covered  with  some  additional  carbonate  of 
sodium,  and  the  heat  of  a  spirit  or  gas-flame  applied,  first  to  the 
carbonate  and  then  to  the  mixture,  volatilisation  of  metallic 
mercury  takes  place,  and  a  sublimate  of  well-defined  mercurial 
globules  condenses  in  the  cold  part  of  the  tube. 

3.  Detection  of  chlorine  in  residue.  The  bottom  of 
the  tube  containing  the  fused  residue  having  been  snapped  off  at 
a  file-mark  and  boiled  in  water,  the  resulting  solution  may  be 
acidulated  with  nitric  acid  and  tested  with  nitrate  of  silver,  when 
a  white  precipitate  of  chloride  of  silver  will  be  formed,  insoluble 
in  nitric  acid,  but  soluble  in  ammonia. 

(125.)  DISSOLVED. 

a.  Crystalline  form.      A  little  of  the  solution  evaporated 
cautiously  on  a  glass  plate  until  a  solid  margin  appears,  and  set 
Fig.  43.  aside    to    crystallise,    furnishes    a 

residue  of  slender  opaque  inter- 
secting needles  (fig.  43),  which 
afford  the  above- described  reac- 
tions of  the  solid  poison. 

/3.  Precipitation  of  sul- 
phide of  mercury.  Sulphu- 
retted hydrogen  gas,  or  its  aqueous 
solution,  added  to  corrosive  subli- 
mate solution,  produces  at  first  a 
white  turbidity,  gradually  becom- 
ing orange-brown,  and  finally  changing  into  a  dense  black  pre- 
cipitate of  sulphide  of  mercury,  which  may  also  be  thrown  down 
by  sulphide  of  ammonium.  The  washed  precipitate  is  insoluble 
even  in  boiling  nitric  acid. 

y.-  Precipitation     of   oxide    of    mercury.      Excess    of 
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potash  or  lime  water  produces  an  orange-yellow  precipitate  of 
mercuric  oxide,  the  nitrate  from  which  may  be  tested  for  chlorine 
by  means  of  nitrate  of  silver  and  nitric  acid. 

5.  Precipitation  of  iodide  of  mercury.  Iodide 
of  potassium  produces,  in  corrosive  sublimate  solution,  an  orange 
or  scarlet  precipitate  of  iodide  of  mercury,  which  disappears  in 
excess  of  the  precipitant,  forming  a  colourless  liquid.  This  re- 
action is  very  characteristic,  though  liable  to  be  interfered  with 
by  the  presence  of  various  saline  compounds. 

e.  Reduction  by  a  stannous  salt.  Protochloride  of 
tin,  added  to  a  solution  of  corrosive  sublimate  acidulated  with 
hydrochloric  acid,  produces  at  first  a  white  precipitate  of  calomel, 
which,  on  adding  more  of  the  reagent,  becomes  slate-coloured, 
and  finally  almost  black,  from  its  conversion  into  metallic 
mercury.  The  precipitate  subsides  rapidly  upon  the  applica- 
tion of  heat ;  afterwards  the  supernatant  liquid  may  be  poured 
off,  replaced  by  hydrochloric  acid,  and  heat  again  applied,  when 
the  originally  bulky  deposit  will  shrink  into  a  few  globules  of 
liquid  mercury  having  a  highly  characteristic  aspect. 

£.  Deposition  on  copper.  A  piece  of  thin  copper 
foil  or  gauze  immersed  in  the  solution,  previously  diluted  very 
considerably  and  acidulated  with  hydrochloric  acid,  quickly 
acquires  a  silver-like  coating  of  mercury.  On  heating  the 
washed  and  dried  piece  of  coated  copper  in  a  subliming  tube,, 
the  mercury  volatilises,  yielding  a  sublimate  of  metallic  globules, 
while  the  copper  resumes  its  original  red  colour.  • 

rj.  Electrolytic  test.  When  a  few  drops  of  the  so- 
lution, preferably  acidulated  with  hydrochloric  acid,  are  placed 
on  a  sovereign  or  other  piece  of  gold,  and  the  coin  touched 
through  the  liquid  with  a  key  or  other  steel  instrument,  a 
deposition  of  mercury  takes  place  upon  the  gold  at  the  point 
of  contact,  forming  a  silvery  stain,  which  disappears  upon  the 
application  of  heat. 

(126.)  IN  ORGANIC  LIQUIDS  AND  SOLIDS. 
a.  General  processes.     The  strained  or  filtered  liquid, 
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acidulated  with  hydrochloric  acid  and  gently  warmed,  may 
sometimes  be  treated  with  a  solution  of  protochloride  of  tin,  as 
above  described ;  but  the  electrolytic  test,  and  especially  the  test 
of  metallic  reduction  upon  copper,  are  in  most  cases  much  to  be 
preferred.  It  is  generally  sufficient  to  prove  the  presence  of 
dissolved  mercury  in  an  organic  liquid,  without  taking  the 
chlorine  of  the  salt  into  consideration ;  but  occasionally  the  entire 
salt  may  be  extracted  by  agitating  the  liquid  with  ether,  evapo- 
rating the  ethereal  solution,  and  treating  the  residue  with  water. 
Organic  solids,  thoroughly  broken  up  or  otherwise  finely  divided, 
are  boiled  for  an  hour  or  so  with  dilute  hydrochloric  acid,  and 
the  solution  tested  by  immersing  in  it  a  piece  of  clean  copper ;  or, 
if  necessary,  the  copper  may  be  boiled  in  the  liquid  for  a  con- 
siderable length  of  time. 

(3.  Special  process.  After  boiling  the  broken-up  tissue 
with  dilute  hydrochloric  acid  for  an  hour  or  so  as  above  described, 
and  filtering  off  the  acid  decoction,  the  undissolved  residue  should 
be  made  into  a  thin  paste  with  hydrochloric  acid  diluted  with  twice 
its  bulk  of  water,  and  the  mixture  heated  on  a  water  bath. 
Then,  from  time  to  time,  finely  powdered  chlorate  of  potassium 
is  to  be  added  little  by  little  until  the  colour  of  the  undissolved 
substance  is  reduced  to  a  pale  yellow  tint,  when  the  filtered  de- 
coction may  be  returned,  the  whole  boiled  for  a  few  minutes, 
allowed  to  cool,  and  filtered,  the  filtrate  evaporated  to  a  small 
bulk,  again  filtered  if  necessary,  and  treated  with  excess  of  washed 
sulphuretted  hydrogen  gas.  The  resulting  sulphide  of  mercury, 
mixed  with  much  sulphur,  may  be  collected  on  a  filter,  washed 
with  water,  dissolved  in  hydrochloric  acid,  to  which  a  minute 
quantity  of  chlorate  of  potassium  has  been  added,  the  liquid 
evaporated  to  dryness,  the  residue  dissolved  in  water,  and  the 
resulting  solution  of  mercuric  chloride  examined  by  any  of  the 
usual  tests.  This  method  is  one  of  general  applicability  for  the 
detection  of  metals  absorbed  into  the  tissues.  The  original 
precipitate  produced  by  sulphuretted  hydrogen  may  in  all  cases 
be  dissolved  in  hydrochloric  acid,  aided  by  the  smallest  sufficient 
quantity  of  chlorate  of  potassium  as  above  described,  the  result- 
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ing  solution  treated  afresh  with  sulphuretted  hydrogen,  and  the 
precipitate  then  obtained  examined  for  mercury,  lead,  copper, 
arsenic,  antimony,  bismuth,  tin,  &c. 


§  VI.— LEAD. 
(127.)  SOLID  COMPOUNDS. 

n.  Metallic  reduction.  Lead  may  be  readily  procured 
in  the  metallic  state  from  substances  containing  it  in  moderate 
quantity.  When  a  small  portion  of  any  lead  compound,  mixed 
Avith  three  or  four  times  its  weight  of  carbonate  of  sodium,  is 
heated  on  charcoal  in  the  reducing  blowpipe  flame,  a  malleable 
metallic  globule  is  soon  produced,  while  the  charcoal  receives  a 
yellow  incrustation.  The  globule  may  be  dissolved  in  dilute  nitric 
acid,  and  the  liquid  tests  applied  to  the  solution  so  formed. 

(3.  Carbonate  of  lead.  This  salt  occurs  as  an  opaque 
white  powder,  which  melts  and  becomes  yellow  when  heated,  is 
turned  black  by  sulphide  of  ammonium,  is  insoluble  in  water, 
but  dissolves  in  dilute  nitric  acid  with  effervescence,  forming  a 
solution  to  which  the  liquid  tests  for  lead  can  be  applied. 

y.  Acetate  of  lead. — Aspect,  &c.  Acetate  of  lead  gene- 
rally occurs  as  a  heavy  crystalline  powder,  of  a  white  colour, 
a  peculiar  sour  smell,  and  a  sweetish  astringent  taste.  It  is 
moderately  soluble  in  distilled  water,  and  forms  a  milky  liquid 
with  common  water,  containing  sulphates  or  carbonates.  Its 
solution  when  evaporated  upon  a  glass  plate  yields  opaque  white 
prismatic  crystals. 

S.  Acetate  of  lead.  —  Eeactions.  The  salt  is  turned 
of  a  black  colour  by  sulphide  of  ammonium,  and  of  a  yellow 
colour  by  iodide  of  potassium.  When  heated  in  a  reduction 
tube,  it  melts,  resolidifies,  becomes  dark  in  colour,  gives  out  a 
smell  of  acetone,  and  leaves  a  carbonaceous  residue  containing 
very  finely  divided  metallic  lead.  When  heated  in  a  test  tube 
with  sulphuric  acid  it  gives  off  the  smell  of  acetic  acid,  convertible 
into  that  of  acetic  ether  upon  the  addition  of  a  little  alcohol. 
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Treated  with  solution  of  persulphate  of  iron  it  yields  a  white 
residue  of  sulphate  of  lead,  and  a  dark  red  solution  of  peracetate 
of  iron. 

(128.)  DISSOLVED. 

a.  Precipitation  of  sulphide  of  lead.  Sulphuretted 
hydrogen  gas  or  its  solution  in  water,  when  added  to  any  solu- 
tion containing  lead,  gives  a  black  or  dark  brown  precipitate  of 
sulphide  of  lead,  insoluble  in  cold  dilute  hydrochloric  acid,  and 
unaffected  by  sulphide  of  ammonium.  But  in  some  cases,  espe- 
cially in  presence  of  much  chloride  of  hydrogen  or  iron,  the 
precipitate  comes  dowa  of  a  red  colour,  and  is  then  turned  black 
by  sulphide  of  ammonium. 

/3.  Precipitation  of  sulphate  of  lead.  Dilute  sulphuric 
acid  produces  an  opaque  white  precipitate  of  sulphate  of  lead, 
insoluble  in  nitric  acid,  soluble  in  boiling  and  in  a  large  excess 
of  cold  hydrochloric  acid,  and  in  a  considerable  excess  of  potash 
water.  The  precipitate  is  turned  black  by  sulphuretted  hydrogen 
or  sulphide  of  ammonium. 

y.  Precipitation  of  iodide  of  lead.  Iodide  of  potassium 
added  to  the  lead  solution,  which  should  be  free  from  any  great 
excess  of  free  acid  or  alkali,  throws  down  a  bright  yellow  preci- 
pitate of  iodide  of  lead,  soluble  in  hot  hydrochloric  acid  and  in  a 
large  excess  of  potash  water.  It  is  also  sparingly  soluble  in  boil- 
ing water,  and  is  reprecipitated  on  cooling  in  golden  scales. 

(129.)  IN  ORGANIC  LIQUIDS  OR  SOLIDS. 

a.  Organic  liquids.  The  liquid,  strained  or  filtered  if 
necessary,  and  acidulated  with  a  few  drops  of  nitric  or  hydro- 
chloric acid,  is  treated  with  a  current  of  washed  sulphuretted 
hydrogen,  until  it  acquires  a  marked  smell  of  the  gas,  persistent 
after  agitation.  The  resulting  black  or  dark  brown  precipitate  is 
allowed  to  subside,  collected  on  a  filter,  thoroughly  washed  with 
water,  and  boiled,  until  its  colour  is  destroyed,  in  nitric  acid 
diluted  with  about  four  times  its  bulk  of  water.  The  solution 
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so  obtained,  filtered  if  necessary  and  concentrated  by  evaporation, 
is  then  submitted  to  the  action  of  the  ordinary  tests  for  dissolved 
lead  salts. 

/3.  Organic  solids.  The  tissue  suspected  to  contain  lead  may 
be  treated  with  hydrochloric  acid  and  chlorate  of  potassium,  as 
described  in  par.  1 16  /3.  Or  it  may  be  dried  in  an  oven,  burnt 
in  a  capsule,  and  the  resulting  charcoal  heated  to  dull  redness  for 
several  hours  until  a  grey  ash  is  left,  which  must  be  dissolved  in 
dilute  nitric  acid  by  the  aid  of  heat.  The  solution  of  the  ash  is 
then  to  be  treated  with  sulphuretted  hydrogen,  and  the  black  pre- 
cipitate further  examined. 

§  VII.— COPPER. 
(130.)     DISSOLVED. 

a.  Solubility,  &c.  Most  salts  of  copper  are  soluble  in 
water  or  dilute  mineral  acids,  except  the  sulphide,  which,  however, 
dissolves  readily  in  strong  nitric  acid.  The  solutions  whether 
aqueous  or  acidulous  have  a  decidedly  blue  or  green  colour. 

(3.  Precipitation  of  sulphide  of  copper.  Sulphuretted 
hydrogen  or  an  alkaline  sulphide  throws  down  a  dark  brown  pre- 
cipitate of  sulphide  of  copper,  which  is  scarcely  affected  by 
treatment  with  cold  hydrochloric  acid,  but  dissolves  readily  in 
nitric  acid,  is  partly  soluble  in  ordinary  sulphide  of  ammonium, 
but  insoluble  in  sulphide  of  sodium  or  potassium. 

y.  Formation  of  c  up  r  ammonium  salt.  Ammonia 
added  carefully  to  a  cupric  solution  produces  a  bluish  white 
precipitate,  which  dissolves  in  excess  of  the  precipitant,  forming 
a  deep  purple-blue  liquid,  of  highly  characteristic  appearance, 
save  when  very  dilute,  in  which  case  it  resembles  the  similarly 
constituted  but  strong  arnmoniacal  solution  of  nickel.  It  is, 
however,  distinguishable  therefrom  by  means  of  caustic  potash, 
which,  unless  added  in  very  large  proportion,  does  not  disturb 
the  transparency  of  the  cuprous,  but  affords  a  pale  green  pre- 
cipitate with  the  nickel  solution. 
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£.  Precipitation  of  ferrocyanide  of  copper. 
Ferrocyanide  of  potassium  produces  a  gelatinous  chocolate  pre- 
cipitate of  ferrocyanide  of  copper,  insoluble  in  mineral  acids. 
Potash  changes  it  into  a  pale  blue  magma  readily  soluble  in  ammo- 
nia, forming  a  deep  blue  liquid.  By  these  properties  it  is  distin- 
guished from  the  similarly  coloured  precipitate  of  ferrocyanide  of 
uranium.  Ferrocyanide  of  nickel  has  a  pale  green  colour. 

e.  Metallic  precipitation  on  iron.  A  steel  needle 
or  piece  of  polished  iron  wire  immersed  in  a  feebly  acidulated 
cupric  solution  soon  acquires  a  coating  of  metallic  copper, 
having  its  characteristic  red  appearance.  When  the  proportion 
of  copper  is  very  minute,  the  iron  should  continue  immersed  for 
several  hours.  Occasionally  the  deposit  is  not  sufficient  in  quan- 
tity to  present  the  ordinary  aspect  of  metallic  copper,  but  appears 
simply  brown  or  black. 

£.  Examination  of  metallic  deposit.  The  coated  wire, 
having  been  washed  in  water,  is  acted  upon  by  a  drop  or  two  of 
ammonia  when  by  exposure  to  air  the  copper  gradually  dissolves 
in  the  ammonia,  forming  a  deep  blue  solution,  in  which,  after 
acidification  with  acetic  acid,  ferrocyanide  of  potassium  causes  a 
chocolate  red  turbidity  of  ferrocyanide  of  copper. 

77.  Electrolytic  test.  When  a  few  drops  of  an  acidulated 
solution  of  copper  are  placed  in  a  platinum  capsule,  and  a  piece  of 
zinc  foil  introduced  so  as  to  touch  the  capsule  through  the  liquid, 
metallic  copper  is  quickly  deposited  upon  the  platinum,  either 
with  its  characteristic  appearance,  or  simply  as  a  brown  stain. 
The  deposit  can  be  examined  with  ammonia  and  ferrocyanide 
of  potassium  as  above  described.  The  process  possesses  no 
advantage  over  that  with  the  iron  wire. 

(131.)  IN  ORGANIC  LIQUIDS  AND  SOLIDS. 

a.  Organic  liquids.  These,  when  containing  any  appreciable 
quantity  of  copper,  have  usually  a  more  or  less  marked  greenish 
tint.  They  may  be  acidulated  with  hydrochloric  acid,  and  allowed 
to  act  upon  clean  iron  wire  as  above  described ;  or  the  filtered 
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acidulated  solution  may  be  treated  with  a  current  of  sulphuretted 
hydrogen  gas,  and  the  resulting  dark  brown  precipitate  collected 
upon  a  filter,  washed  with  water,  and  dissolved  in  dilute  nitric  or 
in  strong  hydrochloric  acid.  The  acid  solution  evaporated  nearly 
to  dryness,  and  diluted  with  water,  can  then  be  examined  by  the 
usual  tests. 

(3.  Organic  solids.  These,  when  containing  copper  even 
in  small  quantity,  acquire  a  deep  blue  colour  by  immersion  in 
ammonia.  They  may  be  cut  into  small  pieces,  boiled  for  some 
time  in  dilute  hydrochloric  acid,  and  the  resulting  liquid,  after 
being  concentrated  by  evaporation,  examined  with  a  steel  needle 
or  a  current  of  sulphuretted  hydrogen  gas  (a).  Or  the  tissue 
may  be  destroyed,  either  with  hydrochloric  acid  and  chlorate  of 
potassium,  as  described  in  par.  116  /3,  or  by  incineration,  as  de- 
scribed in  par.  1 1 9  /3,  and  the  residues  further  examined. 

§  VIII.— ARSENIC. 
(132.)  ARSENIOUS  ACID  o»  ANHYDRIDE. 

a.  Appearance.  Commercial  arsenious  acid,  white  arsenic, 
or  arsenious  anhydride,  usually  occurs  as  a  heavy  white  powder, 
but  maybe  met  with  in  transparent  vitreous  masses,  or  in  opaque 
porcellanous  masses,  or  in  masses  which  are  opaque  externally 
and  glassy  in  the  centre. 

/3.  Volatility.  A  minute  quan- 
tity of  the  powder  heated  on  plati- 
num foil  volatilises  entirely  with 
•  evolution  of  opaque  white  fumes ; 
any  fixed  residue  being  due  to  im- 
purity, probably  sulphate  of  cal- 
cium. A  little  of  the  powder  heated 
in  a  subliming  tube  also  volatilises, 
and  deposits  an  iridescent  sub- 
limate in  the  cool  part  of  the  tube. 
Or  the  volatilisation  may  be  ef- 
fected in  a  short  wide  test  tube, 
and  the  sublimate  condensed  on  a  flat  strip  of  glass  held  over  the 
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mouth  of  the  tube.  Upon  examination  with  a  lens,  the  sublimate 
in  the  tube  or  on  the  glass  will  be  seen  to  consist  chiefly  of  octa- 
hedral crystals,  as  shown  in  fig.  44,  which  do  not  polarize. 

y.  Action  of  sulphide  of  ammonium.  When  a  drop  or 
so  of  sulphide  of  ammonium  is  added  to  a  little  white  arsenic 
contained  in  a  watch  glass,  there  is  no  alteration  of  colour  pro- 
duced, but  on  applying  a  gentle  heat,  solution  takes  place,  and 
on  evaporating  to  dryness,  a  yellow  film  of  sulphide  of  arsenic  is 
left,  soluble  in  alkalies,  insoluble  in  hydrochloric  acid. 

3.  Solubility.  Powdered  white  arsenic  when  agitated  with 
water  in  a  test  tube,  does  not  perceptibly  dissolve,  but  remains 
partly  as  a  film  over  the  surface,  partly  in  small  aggregations  at 
the  bottom.  This  state  of  immiscibility,  which  is  very  cha- 
racteristic, does  not  disappear  even  on  prolonged  boiling.  By 
filtration,  however,  a  clear  aqueous  solution  of  arsenious  acid  is 
obtained.  Moreover  on  adding  a  little  potash  or  hydrochloric 
acid  to  the  hot  mixture  of  water  and  white  arsenic,  complete 
solution  is  very  easily  effected. 

e.  Reducibility.  A  minute  quantity  of  the  powder  sprinkled 
upon  red-hot  charcoal  evolves 
scarcely  visible  vapours  having  a 
peculiar  garlic-like  odour.  When  a 
little  white  arsenic  mixed  with  three 
or  four  times  its  bulk  of  dry  soda- 
flux,  produced  by  the  incineration  of 
acetate  of  sodium  with  some  addi- 
tional charcoal,  is  introduced  into  a 
narrow  reduction  tube  of  hard  glass, 
made  perfectly  dry  and  warm,  there 
is  produced,  on  subjecting  the  mix- 
ture to  the  heat  of  a  spirit  flame,  a 
sublimate  of  reduced  arsenic  which 
condenses  in  the  upper  cool  part  of  the 
tube  in  the  form  of  a  metallic  ring, 
as  shown  of  the  actual  size  in  fig.  45. 
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Or  a  minute  quantity  of  white  arsenic  may  be  placed  in  the  re- 
duction-tube, covered  with  a  considerable  thickness  of  powdered 
charcoal,  and  heat  applied  from  above  to  below,  so  that  the  ar- 
senic may  volatilise  through  the  red-hot  charcoal,  when  a  ring  of 
reduced  metal  will  appear  as  before. 

£.  Characters  of  the  metallic  ring.  The  arsenical 
ring  is  characterised  as  follows: — a.  By  its  lustrous  steel  grey 
appearance.  Should  it  present  an  opaque  brownish -black  colour, 
its  proper  aspect  may  be  brought  out  by  the  cautious  application 
of  heat,  when  the  characteristic  metallic  grey  ring  will  remain, 
and  a  more  volatile  dark-coloured  compound  of  arsenic  be  vola- 
tilised. The  interior  surface  of  the  metallic  sublimate,  rendered 
visible  by  breaking  the  tube,  presents  a  crystalline  appearance. 
b.  By  its  volatility.  Upon  heating  the  sublimate  to  a  tempera- 
ture considerably  below  redness,  it  may  be  readily  volatilised 
from  one  part  of  the  tube  to  another,  c.  By  its  conversion  into 
arsenious  anhydride.  After  repeated  volatilisations  up  and  down 
the  tube,  the  ring  of  metal  is  gradually  replaced  by  a  ring  of 
iridescent  crystals  of  white  arsenic,  shown  by  a  lens  to  consist  of 
variously  modified  octahedrons.  These  may  be  boiled  in  a  small 
quantity  of  water  for  some  time,  when  a  solution  of  arsenious 
acid  will  be  formed,  to  which  the  ordinary  liquid  reagents 
can  be  applied,  d.  By  its  conversion  into  arsenic  acid.  The 
ring  of  metal,  when  warmed  with  a  drop  or  two  of  nitro-muriatic 
acid,  disappears,  and  on  evaporating  to  dryness,  a  residue  of 
arsenic  acid  is  left,  which  may  be  dissolved  in  water,  and  tested 
with  nitrate  of  silver  solution,  when  a  brick-red  precipitate  of 
arseniate  of  silver  will  be  produced. 

(133.)  DISSOLVED. 

a.  Reaction,  &c.  The  aqueous  solution  of  arsenious  acid 
is  clear,  colourless,  tasteless,  inodorous,  and  has  a  faintly  acid 
reaction  to  test-paper.  When  evaporated  upon  a  glass  plate,  it 
leaves  a  white  residue  of  minute  octahedral  non -polarising  crystals, 
which  may  be  volatilised  by  a  further  application  of  heat. 
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/3.  Precipitation  of  arsenite  of  silver.  Ammonio- 
nitrate  of  silver,  added  to  aqueous  arsenious  acid,  throws  down 
an  opaque  yellow  precipitate  of  arsenite  of  silver,  soluble  in 
ammonia  and  in  dilute  nitric  acid.  The  reagent  is  made  by 
adding  a  weak  solution  of  ammonia  drop  by  drop  to  a  strong 
solution  of  nitrate  of  silver,  until  the  brown  precipitate  at  first 
produced  is  just  redissolved. 

y.  Precipitation  of  arsenite  of  copper.  Ammonio- 
sulphate  of  copper,  added  to  aqueous  arsenious  acid,  produces 
a  light  green  precipitate  of  arsenite  of  copper,  soluble  in  am- 
monia and  in  dilute  acids.  When  collected  on  a  filter,  washed, 
dried,  and  heated  in  a  reduction  tube,  it  yields  a  crystalline  sub- 
limate of  arsenious  anhydride.  Ammonio- sulphate  of  copper  is 
made  by  carefully  adding  ammonia  drop  by  drop  to  a  somewhat 
dilute  solution  of  sulphate  of  copper,  until  the  precipitate  at 
first  produced  is  nearly  redissolved. 

5.  Precipitation  of  trisulphide  of  arsenic.  When 
a  current  of  washed  sulphuretted  hydrogen  gas  is  passed  through 
a  solution  of  arsenious  acid  acidulated  with  hydrochloric  acid, 
an  abundant  bright  yellow  precipitate  of  arsenious  sulphide  or 
orpiment  is  produced.  Sulphide  of  ammonium  does  not  give 
any  precipitate  with  aqueous  arsenious  acid  until  some  other 
acid  is  added ;  while  sulphuretted  hydrogen  produces  only  a 
yellow  discolouration. 

e.  Characters  of  the  above  precipitate.  The 
•yellow  precipitate  may  be  collected  on  a  filter,  washed  with 
water,  and  tested  as  follows.  Boiled  with  hydrochloric  acid  it 
does  not  perceptibly  dissolve,  but,  on  the  addition  thereto  of  a 
little  nitric  acid,  disappears  with  the  formation  of  red  fumes,  a 
globule  of  melted  sulphur  frequently  remaining  undissolved. 
Treated  with  sulphide,  hydrate,  or  carbonate  of  ammonium,  it 
undergoes  solution,  and  is  again  thrown  down  by  the  addition  of 
hydrochloric  acid.  Dried  and  heated  in  a  reduction  tube,  it  sub- 
limes unchanged  or  nearly  so.  Dried  and  heated  in  a  reduction 
tube,  after  thorough  mixture  with  four  or  five  times  its  bulk  of 
soda-flux,  it  yields  a  sublimate  or  ring  of  reduced  metal. 
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Fig.  46. 


(134.)  MARSH'S  TEST. 

a.  Nature  of  process.  When  a  substance  containing 
arsenic  is  acted  upon  by  nascent  hydrogen,  usually  developed 
by  the  reaction  of  metallic  zinc  and  dilute  sulphuric  or  hydro- 
chloric acid,  a  gaseous  compound  of  arsenic  and  hydrogen, 
known  by  the  name  of  arsenetted  hydrogen,  is  given  off.  This 
gas  may  be  generated  in  any  ordinary  form  of  hydrogen-appa- 
ratus ;  even  the  adaptation  to  one  another  of  a  flat-bottomed 
vial,  perforated  cork,  and  piece  of  glass  tube,  either  straight  or 
bent,  according  to  circumstances,  and  drawn  out  to  a  moderately 
fine  point,  will  answer  the  pur- 
pose. The  arrangement  shown 
in  fig.  47  is  in  some  cases  very 
convenient;  while  in  others,  the 
original  bent  tube  devised  by 
Marsh  may  be  most  advanta- 
geously employed.  It  may  be 
made  quite  plain,  as  in  fig.  46, 
or  be  provided  with  a  couple  of 
large  strong  bulbs,  one  in  the 
upper  part  of  the  long,  and  one 
in  the  lower  part  of  the  short 
limb.  This  short  limb  is  fur- 
nished with  a  movable  stopcock, 
into  which  is  screwed  either  a 
short  jet,  for  burning  the  issuing 
gas,  as  shown  in  the  figure,  or 
an  elbow,  to  which  a  horizontal 
piece  of  glass  tubing  may  be 
readily  adapted.  Arsenetted 
hydrogen  is  identified  by  its  property  of  yielding  deposits  ot 
metallic  arsenic,  either  upon  imperfect  combustion,  as  originally 
pointed  out  by  Marsh,  or  by  exposure  to  a  dull  red  heat,  as 
recommended  by  a  committee  of  the  French  Academy. 
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(135.)  ORIGINAL  MARSH'S  PROCESS. 

When  it  is  intended  to  obtain  deposits  by  an  imperfect  com- 
bustion of  the  gas,  Marsh's  apparatus  (fig.  46)  is  usually  em- 
ployed in  the  following  manner.  The  stopcock  being  removed, 
a  piece  of  stout  glass  rod  is  carefully  dropped  into  the  shorter 
limb  of  the  tube.  It  should  be  sufficiently  small  to  reach  the 
bend,  but  not  small  enough  to  pass  into  the  longer  limb  :  a  glass 
stopper  will  often  answer  the  purpose  extremely  well.  Two  or 
three  compact  lumps  of  metallic  zinc  are  then  let  fall  upon  the 
piece  of  glass,  the  open  stopcock  replaced,  and  cold  diluted  sul- 
phuric acid,  in  the  proportion  of  about  one  part  of  acid  to  six 
or  seven  of  water,  poured  into  the  longer  limb ;  so  that  when 
the  liquid  is  level  in  the  two  limbs,  there  may  yet  remain  some 
little  free  space  beneath  the  stopcock.  The  dilute  acid  is  allowed 
to  act  upon  the  zinc  for  a  few  minutes,  and  the  stopcock  then 
closed,  whereby  the  shorter  limb  becomes  gradually  filled  with 
hydrogen  gas,  the  acid  being  gradually  driven  up  into  the  longer 
limb.  The  stopcock  is  then  opened,  and  the  issuing  hydrogen 
quickly  inflamed.  It  ought  to  burn  with  a  scarcely  visible 
flame,  which  should  not  produce  a  deposit  or  even  a  discoloura- 
tion upon  a  piece  of  clean  glass  or  porcelain  momentarily  de- 
pressed upon  it.  As  soon  as  all  the  hydrogen  is  driven  out  of 
the  shorter  limb  by  the  descending  acidr  the  stopcock  is  reclosed 
while  another  accumulation  of  gas  takes  place,  which  is  then 
released,  inflamed,  and  examined  as  before.  Or  the  issuing  gas, 
without  being  inflamed,  may  be  allowed  to  impinge  on  paper 
moistened  with  nitrate  of  silver  solution,  which  should  not 
thereby  acquire  any  discolouration.  When,  after  several  exa- 
minations, the  purity  of  the  hydrogen,  and  consequently  of  the 
materials  used  to  generate  it,  has  been  satisfactorily  ascertained, 
the  arsenical  liquid  is  introduced  and  the  experiment  repeated. 

a.  Appearance  of  flame,  &c.  The  hydrogen  gas  subse- 
quently evolved  is  contaminated  to  a  greater  or  less  extent  with 
arsenetted  hydrogen,  and  produces  a  metallic -looking  discoloura- 
tion upon  paper  moistened  with  nitrate  of  silver  solution.  It 
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burns  with  a  bluish  flame,  and  evolves  a  white  smoke  of  arse- 
nious  anhydride. 

(3.  Reactions  of  the  smoke.  The  smoke  or  vapour 
may  be  tested  by  holding  over  the  summit  of  the  flame  a  piece  of 
porcelain  moistened  with  ammonio-nitrate  of  silver,  when  a  yellow 
turbidity  due  to  arsenite  of  silver  will  make  its  appearance;  or  by 
enclosing  the  flame  more  than  once  if  necessary  by  a  short  wide 
test-tube  moistened  on  its  interior  with  water,  whereby  a  weak 
solution  of  arsenious  acid  will  be  formed,  which  may  be  tested 
with  sulphuretted  hydrogen,  or  other  appropriate  reagent. 

y.  Formation  of  deposit.  When  a  piece  of  clean 
glass,  porcelain,  or  talc  is  momentarily  depressed  upon  the  flame  so 
as  to  cut  off  about  two-thirds  of  its  height,  there  is  produced  upon 
the  cold  surface  a  dark  stain  or  deposit  which  is  constituted  of  three 
products,  in  the  centre  of  metallic  arsenic,  in  the  exterior  of  arse- 
nious anhydride,  and  in  the  intermediate  zone  of  a  compound 
considered  to  be  a  suboxide  of  arsenic.  That  the  stain  is  really 
arsenical  is  shown  by  its  possessing  the  following  characters  : — 
a.  Metallic  brilliancy.  The  lustrous  appearance  of  the  arsenical 
stain  is  best  seen  on  its  free  surface,  but  is  recognisable  through  the 
glass,  b.  Hair-brown  colour.  This  colour  appertains  particularly 
to  slight  stains,  and  to  the  intermediate  portion  of  larger  stains, 
in  which  last  it  is  best  manifested  by  means  of  transmitted  light, 
c.  Volatility.  The  arsenical  stain  disappears  readily  on  the  appli- 
cation of  a  heat  considerably  below  redness;  this  property  of  vola- 
tility is  very  evident  when  the  stain  has  been  produced  on  a  thin 
plate  of  talc.  During  its  volatilisation  the  metallic  arsenic  becomes 
converted  into  arsenious  anhydride,  d.  Solubility  in  chloride 
of  lime.  When  the  arsenical  stain  is  warmed  with  a  few  drops  of 
bleaching  liquid,  complete  solution  speedily  takes  place.  For  the 
application  of  this  test  it  is  convenient  to  produce  the  stain  on  the 
interior  of  a  watch-glass,  e.  Non- solubility  in  cold  disulphide 
of  ammonium.  The  arsenical  stain  is  not  perceptibly  affected  by 
treatment  with  a  drop  of  yellow  sulphide  of  ammonium  solution. 
But  on  heating  to  dryness,  a  bright  yellow  stain  of  orpiment  i$ 
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produced,  containing  a  dark  nucleus  of  undissolved  metallic 
arsenic.  (Guy.)  f.  Conversion  into  arsenic  acid.  The  arsenical 
stain  disappears  completely  when  gently  warmed  with  a  drop 
or  two  of  nitric  or  nitro -muriatic  acid.  By  evaporating  to  dry- 
ness,  a  slight  residue  of  arsenic  acid  is  left,  recognisable  by  its 
ready  solubility  in  a  drop  of  water,  so  as  to  form  a  solution  in 
which  nitrate  of  silver  produces  a  brick-dust-red  turbidity. 

(136,)  MODIFIED  MARSH'S  PROCESS. 

Marsh's  apparatus  may  also  be  used  for  generating  arsenetted 
hydrogen  when  it  is  intended  to  decompose  the  gas  by  extraneous 
heat.  In  this  case  the  jet  of  the  stopcock  is  unscrewed  and 
replaced  by  a  metal  elbow,  to  which  a  horizontal  piece  of  narrow 
hard  glass  tubing  is  adapted.  But  some  such  apparatus  as  that 
shown  in  fig.  47  is  on  the  whole  to  be  preferred.  It  consists  of  a 

Fig.  47. 


small  flask  furnished  with  a  cork  through  which  passes  a  long 
funnel  tube,  and  a  short  wide  rectangular  tube,  loosely  plugged 
with  a  little  cotton  wool,  arid  connected  by  means  of  a  perforated 
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cork  with  a  long  horizontal  piece  of  narrow  hard  glass-tubing,  bent 
downwards  at  its  extremity  so  as  to  dip  into  a  solution  of  nitrate 
of  silver.  The  apparatus  is  charged  with  pure  zinc  and  dilute  sul- 
phuric acid,  so  as  to  cause  an  evolution  of  hydrogen  gas,  which 
passes  through  the  cotton  wool,  where  it  deposits  any  mechanical 
impurities,  along  the  horizontal  tube,  and  into  the  silver  solution. 
During  the  transmission  of  the  gas,  the  flame  of  a  spirit  lamp  is 
applied  steadily  to  some  particular  part  of  the  horizontal  tube,  and 
if  after  a  little  time  there  is  not  produced  any  deposit  within  the 
tube,  or  precipitate  in  the  silver  solution,  the  materials  are  known 
to  be  pure,  and  the  arsenical  liquid  may  be  introduced. 

a.  Decomposition  by  heat.  The  resulting  arsenetted  hy- 
drogen is  decomposed  in  its  passage  through  the  heated  portion 
of  the  tube,  and  deposits  a  steel-grey  ring  of  metallic  arsenic  at 
some  little  distance  beyond  the  flame.  The  ring  may  be  identi- 
fied by  its  appearance,  its  position  at  a  little  distance  beyond  the 
flame,  its  volatility,  its  conversion  into  arsenious  anhydride  by 
repeated  sublimations,  and  its  conversion  into  arsenic  acid  by 
treatment  with  nitre-muriatic  acid  and  evaporation  to  dryness. 

j3.  Decomposition  by  nitrate  of  silver.  Any 
arsenetted  hydrogen  that  may  escape  decomposition  by  the  flame, 
or  that  may  be  purposely  allowed  to  escape,  is  arrested  by  the 
nitrate  of  silver  solution,  with  formation  of  a  black  deposit  of 
metallic  silver.  On  the  termination  of  the  experiment,  the 
excess  of  silver  may  be  precipitated  with  hydrochloric  acid,  the 
filtrate  evaporated  to  dryness,  and  the  residue  of  arsenic  acid  dis- 
solved in  water  and  tested  with  the  usual  reagents. 

(137.)  REINSCH'S  TEST. 

This  test  is  particularly  useful  for  the  detection  of  arsenic  in 
organic  liquids  or  solids.  The  suspected  liquid  is  simply  acidu- 
lated with  about  one-eighth  of  its  bulk  of  pure  hydrochloric  acid, 
and  boiled.  The  solid  tissue  is  cut  up  into  very  small  pieces  and 
boiled  for  some  time  in  a  mixture  of  about  one  part  of  hydro- 
chloric acid  with  six  of  water. 
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a.  Deposit  on  copper.  A  small  piece  of  clean  copper 
foil,  or  preferably  of  fine  gauze,  is  introduced  into  the  hot  acidu- 
lated liquid,  and  the  boiling  continued  for  a  period  varying  from 
a  few  minutes  to  a  quarter  of  an  hour  or  longer.  Should  the 
copper  acquire  a  grey  metallic  discolouration,  other  pieces  thereof 
may  be  added  from  time  to  time,  and  the  supply  continued  so 
long  as  the  last  added  piece  assumes  any  perceptible  alteration 
in  colour. 

j3.  Character  of  deposit.  The  pieces  of  coated  foil  or 
gauze  are  removed  from  the  liquid,  washed  in  water,  and  dried 
between  folds  of  bibulous  paper.  The  deposit  unless  very  thick 
adheres  firmly  to  the  subjacent  copper,  presents  a  well-marked 
metallic  lustre,  and  has  a  dark  steel-grey  colour,  or,  if  very  thin, 
a  somewhat  bluish  tint.  On  the  application  of  heat  it  disappears 
entirely,  while  the  copper  resumes  its  ordinary  appearance. 

•y.  Crystalline  sublimate.  A  piece  of  the  coated  copper, 
held  between  the  fingers,  is  warmed  over  a  flame,  coiled  up  into 
a  small  bulk,  and  introduced  into  an  ordinary  reduction  tube 
(fig.  45).  The  heat  of  a  small  spirit  flame  is  then  carefully  applied, 
at  first  a  little  above  the  coil,  and  afterwards  to  the  coil  itself, 
whereby  the  arsenic  is  volatilised,  oxidised,  and  condensed  in  the 
cool  part  of  the  tube  as  a  crystalline  sublimate.  If  necessary, 
several  pieces  of  coated  copper  may  be  thus  heated  successively  in 
the  same  tube  until  a  sufficiently  obvious  sublimate  of  arsenious 
anhydride  is  produced,  which,  when  examined  by  a  lens  or  the  low 
power  of  a  microscope,  will  exhibit  highly  iridescent  octahedral 
forms.  A  small  piece  of  tubing  open  at  both  ends,  one  of 
which  is  drawn  out  to  a  long,  almost  capillary,  termination,  as 

Fig.  48- 


shown  in  fig.  48,  is  convenient  for  volatilising  a  very  slight  de- 
posit.    The  coated  foil  having  been  introduced  and  tilted  down 
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to  the  shoulder,  the  tube  is  sealed  by  the  blowpipe  at  the  point  a, 
and  the  resulting  cylindrical  bulb  containing  the  foil  heated  in  a 
spirit-flame,  from  its  capillary  shoulder  backwards  to  its  sealed 
extremity,  whereby  a  crystalline  ring  becomes  condensed  in  the 
capillary  projection  at  b. 

3.  Reactions  of  the  sublimate.  By  means  of  a 
couple  of  file-marks,  the  short  length  of  tubing  containing  the 
sublimate  may  be  broken  off  from  the  two  ends  of  the  tube,  and 
the  sublimate  itself  be  acted  upon  by  reagents.  Moistened  with 
sulphide  of  ammonium  solution  and  dried  in  a  water-bath,  it 
yields  a  yellow  residue  of  orpiment.  Moistened  with  a  mixture 
of  nitric  and  a  little  hydrochloric  acid  and  evaporated  to  dryness, 
it  leaves  a  slight  residue  of  arsenic  acid,  which  produces  a  red 
turbidity  when  treated  with  a  drop  of  nitrate  of  silver  solution. 

(138.)  IMPEDIMENTS  TO  KEINSCH'S  TEST. 

a.  Influence  of  oxygenants.  Reinsch's  process  is  not 
applicable  in  the  presence  of  oxidising  bodies,  which  moreover 
enable  dilute  hydrochloric  acid  to  dissolve  metallic  copper.  But 
the  majority  of  such  compounds  may  be  reduced  by  the  action 
of  sulphite  of  sodium  upon  the  acidified  liquid,  while  any  excess 
of  sulphurous  acid  from  the  decomposition  of  the  salt  may  be  got 
rid  of  by  ebullition  before  introducing  the  foil  or  gauze. 

/3.  Purity  of  the  acid.  This  may  be  ascertained  by 
diluting  a  sufficient  quantity  of  the  hydrochloric  acid  with  about 
four  times  its  bulk  of  water,  and  boiling  a  very  small  piece  of 
foil  or  gauze  in  the  diluted  liquid  for  a  period  of  twenty  minutes 
or  half  an  hour. 

y.  Purity  of  the  copper.  As  even  in  the  most  satisfac- 
tory performance  of  Reinsch's  test,  there  is  always  some,  although 
but  an  extremely  minute  quantity  of  the  copper  dissolved,  and 
as  commercial  copper  is  rarely  quite  free  from  arsenic,  it  is 
important  that  the  foil  or  gauze  employed  in  the  experiment 
should  be  specially  tested  as  to  its  purity.  If;  however,  the 
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solution  of  four  or  five  grains  of  the  copper  does  not  yield  an^ 
evidence  of  arsenic,  the  metal  is  quite  pure  enough  for  the 
purpose,  even  though  a  trace  of  arsenic  should  be  detected  in  a 
larger  quantity  of  it.  A  few  grains  of  the  copper  cut  into  fine 
pieces  are  placed  in  a  small  tube-retort,  or  in  a  bulb- tube,  such 
as  that  shown  in  fig.  14,  with  not  less  than  twice  their  weight 
of  precipitated  peroxide  of  iron,  and  an  excess  of  hydrochloric 
acid.  The  mixture  is  then  distilled  to  dryness,  great  care  being 
taken  at  the  last  to  prevent  spurting.  Any  arsenic  originally 
contained  in  the  copper  is  in  this  manner  carried  over  in  the  form 
of  chloride  of  arsenic,  and  may  be  condensed  in  a  little  water 
with  the  excess  of  aqueous  hydrochloric  acid.  The  resulting 
liquid  may  then  be  tested  for  the  presence  of  arsenic  by  boiling 
in  it  a  fresh  piece  of  clean  copper  gauze  or  foil. 

<$.  Modified  processes.  The  peroxide  of  iron  mentioned 
above  may  be  replaced  by  an  equivalent  quantity  of  perchloride 
of  iron.  Indeed  it  is  better  to  dissolve  the  peroxide  in  excess  of 
hydrochloric  acid,  and  then  employ  the  residue  left  on  evaporating 
to  dryness,  which  will  be  free  from  any  trace  of  arsenic  the 
peroxide  itself  may  have  originally  contained.  Moreover,  oxide 
or  chloride  of  copper  may  be  substituted  for  the  peroxide  or 
perchloride  of  iron,  though  not  with  advantage.  Or  the  copper 
may  be  dissolved  in  hydrochloric  acid  alone,  without  the  addition 
of  any  special  oxygenant,  by  moistening  the  metal  with  the  acid 
and  exposing  both  to  the  air  for  several  days.  The  addition  of 
a  few  drops  of  a  solution  of  perchloride  of  iron  or  chloride  of 
copper  to  the  acid  greatly  facilitates  this  solution  by  exposure 
to  air.  The  hydrochloric  solution,  no  matter  how  obtained,  is 
eventually  distilled  to  dryness,  and  the  distillate  tested  for  arsenic. 

(139.)  OTHER  FORMS  OF  ARSENIC. 

a.  Orpiment  and  realgar.  These  sulphides  of  arsenic 
are  yellow  or  orange-coloured  compounds,  which  volatilise  un- 
changed upon  the  application  of  heat.  Mixed  with  soda  flux  and 
heated  in  reduction  tubes,  they  give  rise  to  sublimates  of  metallic 
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arsenic ;  and  the  residues,  when  moistened  with  hydrochloric  acid, 
evolve  sulphuretted  hydrogen,  recognisable  by  its  smell  and  action 
on  lead  paper.  Orpiment  and  realgar  are  not  dissolved  by  boil- 
ing hydrochloric  acid,  but  disappear  more  or  less  completely  in 
nitro-hydrochloric  acid,  forming  solutions  from  which  arsenic 
acid  may  be  obtained  by  evaporating  to  dryness.  They  also 
dissolve  in  sulphide  of  ammonium,  and  are  redeposited  on  eva- 
porating the  liquid  to  dryness. 

/3.  Scheele's  green.  This  well-known  green  pigment  is 
an  impure  arsenite  of  copper.  Heated  in  a  reduction  tube,  it 
yields  a  crystalline  sublimate  of  arsenious  anhydride,  and  a  black 
residue  of  oxide  of  copper,  which  may  be  dissolved  in  hydro- 
chloric acid,  and  tested  by  the  usual  reagents.  Arsenite  of 
copper  dissolves  in  dilute  hydrochloric  acid,  forming  a  solution 
in  which,  after  precipitation  of  the  copper  by  excess  of  oxalate  of 
ammonium,  arsenic  may  be  detected  by  sulphuretted  hydrogen, 
or  by  Marsh's  or  Reinsch's  tests. 

(140.)  IN  ORGANIC  MIXTURES. 

a.  A  hydrochloric  acid  decoction  may  be  prepared  as  already 
described  and  tested  by  Keinsch's  process.  Or  the  organic  sub- 
stance may  be  distilled  to  dryness  with  hydrochloric  acid,  the 
residue  redistilled  with  fresh  hydrochloric  acid,  the  two  distillates 
collected  in  water,  and  the  product  examined  by  sulphuretted 
hydrogen,  or  by  Marsh's  or  Reinsch's  process.  Or  the  tissue,  &c., 
may  be  destroyed  with  hydrochloric  acid  and  chlorate  of  potas- 
sium, the  solution  submitted  to  the  prolonged  action  of  sulphu- 
retted hydrogen,  and  the  resulting  precipitate  further  examined 
(vide  par.  116  /3). 

§  IX.    ANTIMONY. 
(141.)  ANTIMONIAL  SALTS. 

a.  Tartar  emetic.  This  compound  usually  occurs  as  a  white 
powder,  or  in  ill-defined  crystalline  masses.  It  becomes  charred 
by  heat,  and  when  ignited  with  a  little  carbonate  of  sodium  on 
charcoal  before  the  blowpipe,  yields  a  bead  of  brittle  metal  and 
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Fig.  49. 


an  abundant  white  incrustation.    It  is  turned  of  an  orange  colour, 
and  finally  dissolved  by  sulphide  of  ammonium.     Its  solution  in 

water  when  carefully  evaporated 
yields  beautifully  polarising  crys- 
tals (fig.  49),  chiefly  tetrahedral, 
but  here  and  there  cubical  and 
octahedral.  When  acidified  by 
nitric  or  hydrochloric  acid,  it  fur- 
nishes a  white  precipitate  soluble 
in  excess  of  either  acid. 

ft.  Chloride  of  antimony. 
This  is  a  highly  corrosive  fuming 
liquid,  usually  having  a  yellow  or 
orange  colour  from  the  presence  of 

chloride  of  iron.  Poured  into  water,  it  gives  rise  to  an  abundant 
white  precipitate,  which,  after  thorough  washing  with  water,  is 
turned  of  an  orange  colour  and  finally  dissolved  by  sulphide  of 
ammonium.  The  precipitate  is  also  readily  soluble  in  tartaric  acid. 
Mixed  with  carbonate  of  sodium  and  heated  on  charcoal  before 
the  blowpipe,  it  yields  a  bead  of  brittle  metal  and  an  abundant 
white  incrustation. 

(142.)  IN  SOLUTION. 

a.  Precipitation  of  trisulphide  of  antimony. 
A  current  of  sulphuretted  hydrogen  gas  passed  into  an  antimonial 
solution  acidified  with  tartaric  acid,  throws  down  an  orange  pre- 
cipitate, which  after  washing  with  water,  is  insoluble  in  carbonate, 
but  soluble  in  sulphide  of  ammonium,  forming  a  solution  from 
which  it  may  be  reprecipitated  on  the  addition  of  an  acid. 

ft.  Precipitation  of  oxichloride  of  antimony. 
Precipitated  trisulphide  of  antimony  dissolves  completely  in  hot 
hydrochloric  acid  with  evolution  of  sulphuretted  hydrogen  gas. 
The  resulting  trichloride  of  antimony,  freed  from  excess  of  hydro- 
chloric acid  by  evaporation  to  a  small  bulk,  gives  when  poured 
into  water  an  abundant  white  precipitate  of  oxichloride  of  anti- 
mony, soluble  in  tartaric  acid. 
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y  Metallic  precipitation  on  tin.  A  piece  of  tin 
foil  or  bar  immersed  in  the  above  tartaric  acid  solution,  becomes 
speedily  covered  with  a  pulverulent  black  deposit  of  metallic 
antimony. 

(143.)  MARSH'S  TEST. 

The  antimonial  solution,  acidulated  with  tartaric  acid,  may  be 
introduced  into  the  original  or  modified  form  of  Marsh's  appa- 
ratus, previously  charged  with  pure  zinc  and  dilute  sulphuric 
acid,  and  the  resulting  gas  examined  as  follows : — 

a.  Appearance  of  flame,  &c.  Hydrogen  contaminated 
with  antimonetted  hydrogen  produces  a  black  discolouration  on 
paper  moistened  with  nitrate  of  silver  solution.  It  burns  with  an 
opaque  bluish  white  flame,  and  evolves  a  white  smoke  of  teroxide 
of  antimony,  which,  unlike  the  arsenical  smoke,  does  not  produce 
a  yellow  turbidity  with  ammonio -nitrate  of  silver. 

/3.  Characters  of  deposit.  When  a  piece  of  talc, 
porcelain,  or  glass  is  depressed  upon  the  flame,  a  dark  stain  or 
deposit  is  produced,  distinguishable  from  the  arsenical  stain  by 
the  following  properties  : — a,  by  its  comparative  want  of  metallic 
lustre ;  b,  by  its  smoky  black  colour ;  c,  by  its  non- volatility 
save  at  a  heat  approaching  redness  ;  d,  by  its  insolubility  in 
chloride  of  lime;  e,  by  its  ready  solubility  in  yellow  sulphide  of 
ammonium,  so  as  to  form  a  solution  which  on  evaporation  to  dry- 
ness  leaves  a  bright  orange  stain ;  and  /,  by  its  yielding  after 
treatment  with  nitro-muriatic  acid  and  evaporation  to  dryness,  a 
residue  which  does  not  give  a  red  precipitate  with  nitrate  of  silver 
solution. 

y.  Decomposition  by  heat.  Instead  of  burning  the 
antimonetted  hydrogen,  it  may  be  transmitted  through  a  tube 
heated  to  redness,  and  finally  through  a  solution  of  nitrate  of 
silver.  The-  deposit  of  antimony  produced  in  the  tube  is  charac- 
terised by  its  position,  just  before  and  beyond  the  exact  spot 
where  the  heat  is  applied,  by  its  want  of  volatility,  by  its  non- . 
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convertibility  into  arsenious  anhydride  or  arsenic  acid,  and  by  its 
ready  solubility  in  yellow  sulphide  of  ammonium  to  form  a  solu- 
tion which  leaves  a  bright  orange  stain  on  evaporation. 

5.  Reaction  with  nitrate  of  silver.  Antimonetted 
hydrogen  produces  in  nitrate  of  silver  solution  a  black  deposit  of 
antimonide  of  silver,  from  which,  after  washing  with  water,  the 
antimony  may  be  dissolved  away  by  a  boiling  solution  of  cream 
of  tartar,  and  precipitated  from  the  resulting  solution  by  sulphu- 
retted hydrogen. 

(144.)  REINSCH'S  TEST. 

a.  Deposit  on  copper.  The  deposition  of  antimony 
upon  copper  foil  or  gauze  boiled  in  a  hydrochloric  acid  decoction 
of  organic  matter  contaminated  with  antimony,  or  in  a  weak 
acidulated  solution  of  some  antimonial  salt,  takes  place  exactly  as 
does  the  deposition  of  arsenic  under  similar  circumstances.  The 
highly  lustrous  deposit  of  antimony  differs  from  that  of  arsenic 
in  having  a  marked  violet  colour,  and  in  being  less  easily  dissipated 
by  heat.  When  a  piece  of  the  coated  foil  or  gauze  is  strongly 
heated  in  a  reduction  tube,  it  either  does  not  afford  any  sublimate 
at  all,  or  else  a  very  slight  white  deposit  situated  close  to  the 
heated  end  of  the  tube,  not  having  a  crystalline  character,  and 
being  practically  non-volatile. 

/3.  Solution  of  deposit.  When  boiled  for  a  few  minutes 
in  a  weak  feebly  alkaline  solution  of  permanganate  of  potassium, 
the  antimonial  coating  is  dissolved  away  from  the  copper,  while 
the  permanganate  loses  its  colour  and  furnishes  a  slight  turbidity 
of  manganic  hydrate.  The  filtered  liquid  acidulated  with  hydro- 
chloric acid  and  treated  with  sulphuretted  hydrogen,  acquires  a 
yellowish  colour,  and  on  standing  deposits  an  orange  precipitate, 
which  may  be  further  examined  if  necessary.  Or,  if  the  anti- 
monial coating  be  not  very  thick,  it  will  suffice  to  boil  the  copper 
for  some  time,  with  frequent  exposure  of  its  surface  to  the  air,  in 
a  weak  solution  of  caustic  potash  only,  and  to  treat -the  resulting 
liquid,  after  acidification  by  hydrochloric  acid,  with  sulphuretted 
hydrogen. 
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(145.)  IN  ORGANIC  MIXTURES. 

The  processes  of  precipitation  by  sulphuretted  hydrogen  and 
deposition  on  copper,  are  perfectly  applicable  to  acidified  organic 
liquids,  and  to  the  hydrochloric  acid  decoctions  of  organic 
tissues.  Or  the  tissue  may  be  destroyed  by  hydrochloric  acid 
and  chlorate  of  potassium,  the  solution  after  evaporation  treated 
by  sulphuretted  hydrogen,  the  resulting  precipitate  dissolved  in 
boiling  hydrochloric  acid,  and  the  solution  so  formed  tested  in 
Marsh's  apparatus,  or  by  the  process  of  Reinsch; 

§  X.— PEUSSIC  ACID. 
(146.)  IN  AQUEOUS  SOLUTION. 

a.  Appearance,  &c.  Prussic  or  hydrocyanic  acid  CNH, 
occurs  in  the  state  of  aqueous  solution  as  a  colourless,  perfectly 
volatile,  feebly  acid,  mobile  liquid.  Its  vapour,  which  is  given 
off  at  all  ordinary  temperatures,  is  invisible,  has  an  odour  said 
to  be  like  that  of  bitter  almonds,  and  when  inspired  even  in 
minute  quantity  causes  a  peculiar  sensation  in  the  fauces. 

/3.  Formation  of  Prussian  blue.  The  turbid  greenish 
liquid  made  by  adding  excess  of  potash  to  solution  of  ordinary 
sulphate  of  iron,  does  not  undergo  any  visible  alteration  when 
mixed  with  aqueous  prussic  acid  ;  but,  on  acidifying  the  mixture 
with  hydrochloric  acid,  a  bright  blue,  or  sometimes  a  greenish 
blue  colour  is  developed,  due  to  the  production  of  finely  divided 
Prussian  blue,  which  gradually  separates  as  a  distinct  precipitate. 
Or  the  potash  and  sulphate  of  iron  may  be  added  separately  to 
the  suspected  liquid,  and  the  mixture  be  afterwards  acidulated 
with  hydrochloric  acid. 

y.  Formation  of  sulphocyanate  of  iron.  Aqueous 
prussic  acid,  mixed  with  a  drop  or  two  of  yellow  sulphide  of 
ammonium  solution  and  evaporated  to  dryness  at  a  low  tem- 
perature, leaves  a  residue  of  sulphocyanate  of  ammonium,  which, 
when  moistened  with  water  and  tested  with  a  drop  of  per- 
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chloride  of  iron,  produces  a  dark-red  solution  of  persulphocyanate 
of  iron. 

3.  Formation  of  cyanide  of  silver.  Solution  of 
nitrate  of  silver  added  to  aqueous  prussic  acid  throws  down  a 
white  precipitate  of  cyanide  of  silver,  which  quickly  subsides 
after  agitation.  It  is  not  affected  by  cold  nitric  acid,  but  when 
separated  from  the  supernatant  liquid  dissolves  more  or  less 
completely  in  the  strong  boiling  acid.  The  precipitate  collected 
on  a  filter,  washed,  dried,  and  heated  in  a  reduction  tube,  evolves 
cyanogen  gas,  which  if  ignited  at  the  mouth  of  the  tube,  will 
burn  with  its  peculiar  rose-coloured  flame. 

«.  Decompositions  of  precipitate.  The  precipitate 
treated  with  hydrochloric  acid  evolves  prussic  acid  vapour, 
which  may  be  received  on  the  interior  of  a  watch-glass  mois- 
tened either  with  yellow  sulphide  of  ammonium,  or  with  a 
mixture  of  potash  and  sulphate  of  iron,  as  described  under  the 
head  of  the  vapour  reactions.  Or  a  portion  of  the  precipitate 
may  be  treated  with  a  drop  of  yellow  sulphide  of  ammonium, 
dried  at  a  low  temperature,  and  the  residue,  after  being  mois- 
tened with  water,  tested  by  a  drop  of  perchloride  of  iron,  when  a 
dark  red  liquid  will  be  produced,  easily  distinguishable  from  the 
black  precipitate  of  sulphide  of  silver.  Or  a  portion  of  the  pre- 
cipitate may  be  treated  first  with  potash,  then  with  a  drop  of 
sulphate  of  iron,  and  lastly  with  a  little  hydrochloric  acid,  when 
Prussian  blue  will  be  formed,  together  with  white  chloride  of 
silver. 

(146.)  IN  VAPOUROUS  STATE. 

The  succeeding  tests  may  be  applied  to  the  vapour  of  the  pure 
liquid  acid,  or  to  the  vapour  produced  by  the  action  of  hydro- 
chloric acid  upon  precipitated  cyanide  of  silver,  or  to  the  vapour 
evolved  spontaneously  from  organic  liquids  or  solids  containing 
prussic  acid.  Organic  substances  which  do  not  react  satisfac- 
torily with  these  vapour  tests  may  be  distilled  in  a  water-bath, 
and  the  distillate  treated  similarly  to  the  pure  aqueous  acid  as 
above  described. 
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a.  Formation    of   Prussian    blue.     When  a  mixture  of 
potash  and  sulphate  of  iron,  smeared  upon  the  interior  of  a  watch- 
glass,  or  preferably  on  a  flat  glass  slip  ~. 
(fig.  50),  is  exposed  for  a  few  minutes 
to  the  action  of  prussic  acid  vapour, 
there  is  produced  on  acidification  with 
hydrochloric  acid,  a  solution  of  the  iron 
magma   and  development  of  Prussian 
blue. 

/3.  Formation  of  sulphocyanate 
of    iron.     A  drop  of  yellow  sulphide 

of  ammonium  placed  on  a  watch-glass  or  glass  slip  and  exposed 
for  a  short  time  to  the  action  of  prussic  acid  vapour,  yields,  when 
evaporated  to  dryness  at  a  low  temperature,  a  residue  of  sulpho- 
cyanate of  ammonium,  which  produces  a  dark  red  colour,  on,  the 
addition  of  perchloride  of  iron. 

•y.  Formation  of  cyanide  of  silver.  A  drop  of  nitrate 
of  silver,  placed  on  a  watch-glass  or  glass  slip  and  exposed  to  the 
action  of  the  vapour,  becomes  white  and  opaque  from  the  forma- 
tion of  cyanide  of  silver,  convertible  into  Prussian  blue,  or 
sulphocyanate  of  iron,  as  previously  described. 

When  the  prussic  acid  vapo'ur  from  some  organic  mixture  is 
contaminated  with  sulphuretted  hydrogen,  it  produces  a  blacken- 
ing of  the  silver  salt ;  but  no  interference  with  the  sulphocyanate 
reaction  is  manifested  under  the  same  circumstances. 

§  XI.— STRYCHNIA. 
(148.)  IN  PURE  STATE. 

a.  Nature,  solubility,  &c.  Strychnia  is  a  vegetable  alka- 
loid, having  the  formula  CatHlaN40,,.  It  is  more  or  less  freely 
soluble  in  alcohol,  chloroform,  benzole,  and  ether ;  scarcely  at  all 
soluble  in  pure  water ;  but  readily  soluble  in  acidulated  water. 
It  is  capable  of  uniting  with  and  neutralising  acids,  to  form 
definite  crystallisable  salts,  of  which  the  sulphate,  nitrate,  hydro- 
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chlorate,  oxalate,  tartrate,  and  acetate  are  soluble  in  water. 
Most  other  strychnia  compounds  are  more  or  less  insoluble, 
whence  solutions  of  strychnia  salts  are  precipitated  by  a  very 
great  number  of  reagents,  including  hydrate,  carbonate,  iodide, 
sulphocyanate  and  chromate  of  potassium,  carbazotic  acid, 
phospho-molybdate  of  sodium,  iodide  of  potassium  with  iodine, 
potash  double  iodide  of  mercury  and  potassium,  perchloride  of 
platinum,  trichloride  of  gold,  &c. 

/3.  Appearance.  Strychnia  usually  occurs  in  the  form  of  a 
crystalline  powder,  or  of  well-defined  prismatic  crystals,  either 
white,  or  of  a  pale  buff  colour.  The  ordinary  salts  of  strychnia 
are  generally  met  with  as  crystalline  powders.  Strychnia  and  its 
salts  when  heated,  melt,  burn  with  a  smoky  flame,  and  leave  a 
carbonaceous  residue. 

y.  Bitter  taste.  The  bitterness  of  strychnia  is  peculiar, 
and  has  been  sometimes  spoken  of  as  metallic.  Its  intensity  is 
so  great,  that  one  drop  of  a  gallon  of  water,  in  which  a  grain  of 
strychnia  is  dissolved,  presents  a  recognisable  bitter  taste  ;  while 
with  ^^  part  of  strychnia  in  solution,  the  bitterness  is  well 
marked  and  persistent.  The  taste  of  strychnia  salts  is  but 
slightly  less  intense  than  that  of  the  alkaloid  itself.  In  very 
dilute  solutions  only  is  the  bitterness  capable  of  partial  conceal- 
ment by  other  sapid  bodies. 

3.  Crystalline  form.  A  drop  or  so  of  a  spirituous  or  ethe- 
real solution  of  strychnia  allowed  to  evaporate  spontaneously  on  a 
glass  slip,  furnishes  a  crystalline  residue  consisting  of  rectangular 
prisms  often  terminated  by  double  or  single  oblique  planes,  and 
in  variously  modified  octahedra,  as  shown  in  fig.  51.  The  forms 
deposited  from  a  chloroformic  solution  are,  for  the  most  part, 
not  well  characterised. 

e.  Precipitation.  Aqueous  solutions  of  strychnia  salts,  con- 
taining from  ^  to  ~  part  of  strychnia,  are  precipitated  by 
the  several  reagents  mentioned  above,  either  immediately  or 
on  stirring ;  the  most  delicate  though  least  characteristic  preci- 
pitants  being  the  phospho-molybdate  of  sodium,  and  the  potash 
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• 

solution  of  hydrargyro-iodide  of  potassium.     Hydrate  or  carbo- 

nate   of  potassium  causes  a  gradual   deposition  of  well-defined 

strychnia  crystals,  insoluble  in  ex- 

cess   of  the   precipitant  (fig.   51). 

The  precipitates  thrown   down  by 

iodide,  sulphocyanate,  and  chromate 

of  potassium,  carbazotic  acid,  and 

the  chlorides  of  platinum  and  gold, 

are  also  crystalline. 

£.  Action  of  acids.  Strong 
sulphuric  acid  is  without  action  on 
strychnia,  even  at  and  above  the 
temperature  of  boiling  water.  Strong 

nitric  acid  usually  produces  a  yellow,  or  yellow-brown,  dis- 
colouration ;  but  is  said  to  be  without  visible  action  on  perfectly 
pure  strychnia,  although  this  seems  doubtful. 

rj.  Colour  tests.  When  a  little  peroxide  of  lead  is  added 
to  a  fragment  of  strychnia,  dissolved  in  a  drop  of  strong  sul- 
phuric acid  mixed  with  ~  of  its  bulk  of  strong  nitric  acid  ;  or 
preferably,  when  a  little  peroxide  of  manganese,  or  bichromate,  or 
ferridcyanide,  or  permanganate  of  potassium,  is  added  to  a  frag- 
ment of  strychnia  dissolved  in  a  drop  of  strong  sulphuric  acid, 
there  is  produced  a  magnificent  purple-blue  colour,  becoming 
gradually  crimson,  and  finally  reddish  pink.  The  delicacy  of  this 
test,  when  special  precautions  are  taken,  is  almost  illimitable,  less 
than  ~£>  of  a  grain  having  been  stated  to  give  the  reaction. 


With  from  ™  to  j-^j-  of  a  grain  it  is  easily  obtainable.  In 
operating  on  small  quantities,  the  following  plan  may  be  adopted 
with  advantage.  The  dry  strychnia,  usually  the  residue  of  an 
evaporation,  in  which  case  it  must  be  allowed  to  become  quite 
cold,  is  moistened  with  the  smallest  sufficient  quantity  of  strong 
sulphuric  acid.  By  the  side  of  it  is  next  placed  a  minute  drop 
of  a  mixture  of  sulphuric  acid  with  a  little  very  finely-powdered 
amorphous  peroxide  of  manganese,  and  the  two  then  brought 
into  contact.  The  experiment  should  be  made  on  a  surface  of 

N 


iy8  STRYCHNIA. 

white  porcelain,  or  on  a  flat  watch-glass  or  glass  slip,  resting  on  a 
sheet  of  white  paper. 

0.  Physiological  test.  When  a  minute  quantity  of  solid 
or  dissolved  strychnia  is  introduced  underneath  the  incised  skin 
of  a  small  frog,  well-marked  tetanic  convulsions  are  manifested 
by  the  animal,  usually  within  a  quarter  of  an  hour ;  and  with  a 
strong  dose  almost  immediately.  This  tetanus  is  said  to  have 
been  produced  with  so  small  a  quantity  as  -^  of  a  grain  of 
strychnia  ;  but  the  delicacy  of  the  test  varies  much  with  the  state 
of  the  animal,  freshly- caught  young  frogs  being  the  most  excitable. 

(149.)  IN  ORGANIC  MIXTURES. 

a.  If  a  liquid,  it  is  merely  acidified,  mixed  in  some  cases  with 
a  little  spirit  of  wine,  filtered,  evaporated  nearly  to  dryness,  and 
the  residue  extracted  with  strong  alcohol.  If  a  solid,  it  is  brought 
into  a  state  of  fine  division,  and  mixed  with  a  little  proof  spirit 
acidulated  with  dilute  sulphuric  or  other  acid,  acetic,  oxalic,  tar- 
taric,  &c.  After  digestion  for  some  time  in  a  water  bath,  the  mix- 
ture is  filtered,  the  insoluble  matters  washed  with  proof  spirit,  the 
washings  added  to  the  filtrate,  the  whole  of  the  clear  liquid 
evaporated  down  to  a  small  bulk,  and  the  residue  so  obtained 
extracted  with  strong  alcohol.  The  alcoholic  solution  is  then 
evaporated  to  dryness,  the  residue  dissolved  in  a  little  water,  the 
liquid  filtered  into  a  long  tube  or  bottle,  and  rendered  alkaline 
with  carbonate  of  potassium.  Two  or  three  times  its  volume  of 
ether  are  next  added,  and  the  whole  shaken  up  briskly  for  some 
time.  After  subsidence,  the  ethereal  solution  is  poured  off,  and 
allowed  to  evaporate  spontaneously,  whereby  a  residue  is  left  of 
more  or  less  well  crystallised  strychnia.  This  may  be  further 
purified  by  moistening  it  with  strong  sulphuric  acid,  and  heating 
it  for  some  time  in  a  water  bath,  then  diluting  with  water, 
supersaturating  the  acid  liquid  with  potash,  again  extracting  with 
ether,  and  evaporating.  The  final  product  may  be  examined 
under  the  microscope,  by  the  colour  and  physiological  tests,  and 
by  the  tongue.  In  the  above  process,  chloroform  or  benzole  may 
be  substituted  for  the  ether. 
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§  XII.— MORPHIA. 
(150.)  IN  PURE  STATE. 

a.  Nature,  solubility,  &c.  Morphia  is  a  vegetable 
alkaloid,  having  the  formula  CI7Hj9NOr  It  neutralises  acids  to 
form  salts,  one  of  which,  the  raeconate  of  morphia,  exists  largely 
in  opium,  and  is  the  source  from  which  the  alkaloid  is  obtained. 
Morphia  is  readily  soluble  in  hot,  less  so  in  cold  alcohol,  very 
sparingly  soluble  in  ether,  and  almost  insoluble  in  water,  save  in 
the  presence  of  acids.  Its  ordinary  salts  dissolve  readily  in  water 
to  form  solutions,  which  are  precipitable  by  a  great  number  of 
reagents,  including  most  of  those  which  precipitate  strychnia. 
Solutions  of  morphia  and  its  salts  have  a  well  marked  bitter  taste. 

13.  Appearance,  &c.     Morphia  is  usually  met  with  in  the 
state  of  acetate  or  hydrochlorate,  which   salts  sometimes  occur 
iinely  crystallised,  but  more  often  as  imperfectly  crystalline  pow- 
ders of  a  buff- tinted  white  colour.      The  alkaloid  itself  occurs 
in  quadrangular  prisms,  frequently  having  two  opposite  edges 
truncated  so  as  to  produce  hexagonal  forms.     Morphia  and  its 
salts  when  heated,  melt,  burn  with 
a  smoky  flame,  and  leave  a  carbo- 
naceous residue. 

•y.  Cry stalline  form.  Mor- 
phia, when  deposited  by  the  spon- 
taneous evaporation  of  its  alcoholic 
or  ethereal  solution,  or  when  slowly 
precipitated  by  caustic  or  carbona- 
ted alkalies  from  aqueous  solutions 
of  its  salts,  occurs  in  the  form  of  va- 
riously modified  prismatic  crystals, 
as  shown  in  fig.  52. 

£.  Precipitation  by  potash.  A  single  drop  of  potash 
added  to  the  somewhat  concentrated  solution  of  a  morphia  salt, 
produces  after  some  time,  or  on  brisk  stirring,  a  white  precipitate 
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of  morphia,  very  soluble  in  excess  of  the  precipitant,  but  repro- 
ducible by  an  absorption  of  carbonic  acid  from  the  air. 

€.  Colouration  by  nitric  acid.  Strong  colourless 
nitric  acid  added,  in  considerable  quantity,  to  the  cold  solution 
of  a  morphia  salt,  produces  a  deep  orange-red  colouration.  Or  a 
drop  or  two  of  the  acid  may  be  added  to  a  little  powdered 
morphia  or  morphia  salt,  on  a  watch-glass  or  capsule,  when  an 
intense  colouration  will  be  at  once  developed.  But  the  behaviour 
is  not  peculiar  to  morphia. 

£.  Colouration  by  a  persalt  ofiron.  A  drop  or 
two  of  a  carefully  neutralised  solution  of  perchloride  of  iron, 
added  to  a  morphia  solution,  or  to  the  dry  alkaloid  or  salt, 
produces  a  deep  blue  colour,  rendered  bluish  green  by  any  excess 
of  the  iron  solution. 

r).  Decomposition  of  iodic  acid.  A  few  drops  of 
aqueous  iodic  acid  produce,  in  solutions  of  morphia,  a  brown 
discolouration,  only  in  part  due  to  the  liberation  of  iodine. 
Ammonia,  added  after  a  little  while,  deepens  the  colour  con- 
siderably. A  piece  of  starched  paper,  dipped  into  the  coloured 
liquid  before  it  has  been  treated  with  ammonia,  acquires  a 
purple  colour,  save  when  the  quantity  of  the  alkaloid  is  very 
small. 

6.  Reduction  of  bichromate  of  potassium. 
Strong  sulphuric  acid  produces  no  colouration  with  morphia 
salts  or  solutions.  But  a  little  bichromate  of  potassium  solution 
dropped  carefully  on  to  the  sulphuric  acid  mixture  is  quickly 
reduced  with  production  of  a  bright  green  colour. 

(151.)  OPIATE  LIQUIDS. 

In  the  examination  of  liquids  supposed  to  contain  opium,  the 
presence  of  both  morphia  and  meconic  acid  is  usually  sought  for. 
The  last  named  body  is  not  indeed  poisonous,  but  is  character- 
istic of  opium,  and  possessed  of  well  marked  properties. 
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a.  Preliminary  test  for  morphia  with  nitric 
aci  d.  Strong  nitric  acid,  added  in  considerable  quantity  to  an 
opiate  liquid,  will  often  produce  a  very  perceptible  darkening  or 
even  a  distinct  orange-red  colouration.  If  necessary,  the  original 
liquid  may  have  its  colour  reduced  by  moderate  dilution  with 
water  before  the  addition  of  the  acid. 

/3.  Preliminary  test  for  meconic  acid  with 
perchloride  of  iron.  To  the  opiate  solution  reduced  to 
a  pale  colour  by  dilution  with  even  a  very  large  proportion  of 
water,  a  few  drops  of  perchloride  of  iron  are  added,  when,  if 
meconic  acid  be  present  even  in  small  quantity,  a  distinct  red- 
dening of  the  liquid  will  be  produced. 

y.  Precipitation  ofmeconate  of  lead.  The  opiate 
liquid  acidulated  with  acetic  acid,  is  treated  with  acetate  of  lead, 
so  long  as  a  precipitate  continues  to  be  produced,  when  the  whole 
is  well  agitated,  and  after  partial  subsidence,  thrown  upon  a  wet 
filter.  Meconate  of  lead  remains  as  an  insoluble  deposit  on  the 
paper,  while  the  filtrate  contains  acetate  of  morphia,  together 
with  the  excess  of  acetate  of  lead. 

3.  Production  of  meconic  acid  from  precipitate. 
The  precipitate  having  been  thoroughly  washed  with  water,  is 
boiled  for  some  minutes  with  a  small  quantity  of  dilute  sulphuric 
acid,  and  the  mixture  thrown  upon  a  filter,  whereby  a  solution  of 
meconic  acid  is  obtained.  Or  the  washed  precipitate  suspended  in 
a  little  water  may  be  treated  with  excess  of  sulphuretted  hydrogen 
gas,  and  the  clear  liquid  filtered  off,  and  gently  evaporated. 

e.  Test  for  meconic  acid  by  persalt  of  iron.  The 
filtrate  produced  by  either  of  the  above  means  is  then  tested  with 
a  few  drops  of  perchloride  of  iron,  which  should  produce  a  dark 
logwood  red  colour,  through  the  formation  of  meconate  of  iron. 
The  red  liquid  does  not  alter  its  colour  on  boiling,  in  which 
respect  it  differs  from  the  similarly  coloured  solution  of  peracetate 
of  iron,  neither  is  it  bleached  by  treatment  with  corrosive  sub- 
limate, in  which  respect  it  differs  from  the  similarly  coloured 
solution  of  sulphocyanate  of  iron. 
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£.  Separation  of  morphia.  Through  the  liquid  filtered 
from  the  precipitate  of  meconate  of  lead,  but  having  more  or  less 
acetate  of  lead  in  solution,  a  current  of  washed  sulphuretted 
hydrogen  is  passed,  until  the  smell  of  the  gas  is  persistent  even 
after  agitaticn,  when  the  whole  is  thrown  upon  a  filter.  The 
clear  filtrate  containing  acetate  of  morphia,  is  evaporated  down 
to  a  small  bulk,  supersaturated  with  carbonate  of  potassium,  and 
agitated  with  an  ethereal  solution  of  acetic  ether.  After  subsi- 
dence, the  ethereal  solution  is  poured  off  and  allowed  to  evapo- 
rate spontaneously,  when  there  is  left  a  residue  of  morphia  in 
more  or  less  well  defined  crystals,  to  which  the  several  tests  for 
the  alkaloid  can  be  successfully  applied. 
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CHAPTER  IV. 
ANIMAL  CHEMISTKY. 


§  L— COMPOSITION  OF  TISSUES,  &c. 
(152.)  ORGANIC  AND  MINERAL  CONSTITUENTS. 

a.  The  animal  fluids  and  tissues  consist  of  water  together  with 
a  certain  amount  of  solid  matter.  When  an  animal  tissue  or 
fluid  is  kept  for  some  time  at,  or  a  little  above,  the  temperature 
of  boiling  water,  its  aqueous  portion  evaporates  off  more  or  less 
completely,  leaving  the  dry  solids  behind.  This  residuum,  when 
heated  upon  platinum  foil,  undergoes  combustion  ;  some  of  its 
constituents  are  dissipated,  and  a  black  carbonaceous  mass 
remains.  If  this  carbonaceous  residue  be  further  heated  for  some 
time,  especially  in  a  current  of  air,  the  black  colour  will  gradually 
disappear,  and  a  white  ash,  fusible  or  infusible  according  to  cir- 
cumstances, will  be  left  upon  the  foil.  The  components  of  dried 
animal  matter  are  thus  separated  into  two  classes  ;  one  comprising 
the  substances  which  are  destroyed  by  iire,  and  which  are  called 
the  organic  constituents ;  the  other  comprising  the  substances 
which  resist  the  action  of  fire,  and  which  are  called  the  inorganic 
constituents,  or  more  simply  the  ashes.  This  distinction,  how- 
ever, is  not  absolute. 

The  organic  components  of  animal  matter  consist  principally 
of— 

CARBON.  NITROGEN. 

HYDROGEN.  SULPHUR   and 

OXYGEN.  PHOSPHORUS. 
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These  are  also  called  the  elementary  or  ultimate  principles  of 
organic  bodies. 

The  ashes  consist  principally  of — 

SODIUM.  SULPHURIC  ACID. 

POTASSIUM.  PHOSPHORIC  ACID. 

CALCIUM.  CARBONIC  ACID. 

MAGNESIUM.  CHLORINE. 

IRON.  FLUORINE. 

Nearly  all  animal  products  are  composed  of  both  organic  and 
inorganic  constituents.  Some  few  substances,  however,  pertain 
almost  entirely  to  one  class :  thus,  while  the  enamel  of  the  teeth 
contains  scarcely  any  organic  matter,  some  of  the  crystals  of  uric 
acid  met  with  in  the  urine  afford  scarcely  any  ash. 

In  animal  tissues  or  fluids,  the  ultimate  organic  elements  are 
combined  with  one  another  in  a  variety  of  ways,  constituting 
definite  compounds,  which  are  known  as  proximate  organic 
principles :  thus  in  urine  we  may  have  all  the  above-mentioned 
ultimate  principles  united  with  one  another,  to  form  the  proximate 
principles,  urea,  uric  acid,  sugar,  albumen,  &c. 

The  muscular  tissue  is  a  very  suitable  material  to  be  employed 
for  the  demonstration  of  the  principal  organic  and  mineral  con- 
stituents of  animal  bodies :  the  same  general  plan  is  adopted  in 
other  instances. 

(153.)  ULTIMATE  ORGANIC  CONSTITUENTS. 

a.  Desiccation.  The  flesh  or  other  tissue  is  cut  into  small 
pieces  and  dried  in  a  water  bath  until  it  ceases  to  lose  weight. 
By  this  means  it  is  divided  into  an  aqueous  portion  which  has 
evaporated,  and  a  solid  portion  which  remains.  Nearly  all  animal 
matters  behave  in  a  similar  way  ;  but  nitrogenous  substances 
having  an  alkaline  reaction,  give  off  water  containing  a  variable 
amount  of  ammonia. 

/3.  Destructive  distillation.    A  few  fragments  of  the  dried 
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flesh  are  placed  in  a  reduction  tube,  into  the  mouth  of  which  are 
inserted  a  narrow  strip  of  red  litmus  paper,  and  a  similar  strip  of 
lead  paper.  On  applying  the  heat  of  a  spirit-lamp,  water  will 
condense  in  the  upper  part  of  the  tube,  proving  the  presence  of 
oxygen  and  hydrogen  in  the  flesh — a  smell  of  ammonia  will 
be  given  off,  and  the  litmus  paper  become  blue,  results  indicating 
the  presence  of  nitrogen — the  lead  paper  will  become  blackened, 
showing  the  presence  of  sulphur — and  lastly,  a  black  mass 
consisting  chiefly  of  carbon  will  remain  in  the  tube. 

y.  Incineration.  If  some  of  the  dried  flesh  be  heated 
upon  a  piece  of  platinum  foil,  or  in  a  shallow  capsule,  it  will  swell 
up,  burn  with  a  smoky  flame,  and  leave  an  abundant  carbonaceous 
residue.  On  continuing  the  application  of  heat  for  some  time, 
the  carbon  will  gradually  burn  away.  Its  disappearance  may  be 
facilitated  by  occasionally  pulverising  the  coherent  residue  result- 
ing from  the  ignition.  Throughout  the  process  the  temperature 
should  not  exceed,  or  indeed  scarcely  arrive  at,  a  full  red  heat. 
As  soon  as  a  pale  grey  or  ochry  red  ash  is  produced,  the  heating 
may  be  discontinued. 

3.  Detection  of  nitrogen.  A  little  of  the  finely  divided 
dry  substance  is  intimately  mixed  with  ten  or  twelve  times  its  bulk 
of  soda-lime  (made  by  slacking  quicklime  with  caustic  soda  solu- 
tion) and  the  mixture  heated  in  a  reduction  tube,  whereby 
ammonia  is  given  off,  recognisable  by  its  smell  and  reaction  on 
test-paper. 

€.  Detection  of  sulphur.  Bodies  of  a  moderately  light 
colour  may  be  tested  for  sulphur  by  boiling  them  in  aqueous 
potash,  to  which  solution  of  acetate  of  lead  has  been  added  in 
quantity  insufficient  to  render  the  liquid  permanently  opaque. 
Should  the  substance  so  treated  contain  sulphur  it  will  become 
stained  of  a  brown  or  black  colour,  which  cannot  be  removed  by 
subsequent  washing  with  water.  If  a  substance  is  stained  in  the 
above  manner  when  boiled  in  a  potash  solution  of  lead,  and  IB 
scarcely  or  not  at  all  deepened  in  colour  when  boiled  in  a  solution 
of  pure  potash  (free  from  lead),  the  presence  of  sulphur  is  certain. 
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In  the  case  of  bodies  readily  soluble  in  potash  water,  the  results 
are  not  quite  so  characteristic. 

£.  Deflagration  with  nitre.  A  little  of  the  dried  and 
finely  divided  animal  matter  is  mixed  with  about  an  equal  bulk 
of  powdered  nitre,  and  the  mixture  projected  in  small  portions  at 
a  time  into  a  porcelain  crucible  kept  at  a  red  heat.  Deflagration 
immediately  takes  place,  and,  in  the  fused  residue,  the  presence  of 
carbonic,  sulphuric,  and  phosphoric  acids,  resulting  from  the 
oxidation  of  carbon,  sulphur,  and  phosphorus  respectively,  may  be 
ascertained  by  the  usual  tests. 

In  performing  the  above  experiments,  very  different  results 
will  be  obtained  with  different  substances,  such,  for  instance,  as 
pieces  of  flannel,  hard  white  of  egg,  refined  gelatine,  sugar, 
fat,  &c. 

(154.)  ASH  OF  ANIMAL  MATTER. 

a.  A  small  portion  of  the  ash,  resulting  from  the  incineration 
of  any  kind  of  animal  matter,  is  placed  on  a  watch-glass,  moistened 
with  water  and  examined  by  test-papers.  Should  it  not  have  an 
acid  reaction,  a  drop  or  so  of  nitric  acid  is  to  be  added,  and  any 
effervescence  due  to  carbonic  acid  carefully  noted.  The  re- 
mainder of  the  ash  is  boiled  in  a  small  quantity  of  water  for 
some  time,  a  few  drops  of  carbonate  of  ammonium  solution  added, 
the  whole  thrown  upon  a  filter,  and  the  filtrate  set  aside  for  ex- 
amination. The  residue  is  then  well  washed  with  water,  boiled 
in  a  little  hydrochloric  acid  with  which  a  few  drops  of  nitric  acid 
have  been  mixed,  the  liquid  evaporated  just  to  dryness,  diluted 
with  water,  and  filtered.  In  this  manner  an  aqueous  and  an 
acidulous  solution  are  obtained,  containing  respectively : — 

Aqueous  Solution.  Acid  Solution. 

POTASSIUM.  IRON  PEROXIDE. 

SODIUM.  CALCIUM. 

SULPHATES.  MAGNESIUM. 

CHLORIDES.  PHOSPHATES. 
PHOSPHATES. 
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/3.  Treatment  of  acid  solution.  A  little  of  this  solution 
may  be  examined  for  phosphoric  acid  by  molybdate  of  am- 
monium (par.  100  £.),  and  another  portion  tested  for  iron  by 
ferrocyanide  or  sulphocyanate  of  potassium  (par.  77).  To  the 
remainder  of  the  solution  acetate  of  ammonium  is  added,  and,  in 
the  event  of  there  being  no  decided  reddening  produced,  a  little 
perchloride  of  iron  also.  The  whole  is  then  boiled  for  some 
time,  whereby  a  red  precipitate  of  basic  phosphate  of  iron  is 
thrown  down,  the  deposition  of  which  may  sometimes  be  facili- 
tated by  the  careful  addition  of  ammonia  in  quantity  not  suffi- 
cient to  produce  neutrality.  The  boiling  liquid  is  next  filtered, 
whereby  a  clear  colourless  solution  should  be  obtained,  perfectly 
free  from  both  iron  and  phosphoric  acid.  Excess  of  oxalate  of 
ammonium  added  to  this  solution  throws  down  a  precipitate  of 
oxalate  of  calcium.  The  resulting  turbid  mixture,  having  been 
well  shaken  or  stirred,  is  set  aside  for  a  little  while,  and,  after 
partial  subsidence,  passed  once  or  twice  through  filtering  paper, 
when  magnesium  may  be  tested  for  in  the  clear  liquid  by- 
means  of  ammonia  and  phosphate  of  ammonium. 

y.  Treatment  of  aqueous  solution.  Separate  portions 
of  this  solution,  acidified  with  nitric  acid,  may  be  tested  for 
sulphates  by  chloride  or  nitrate  of  barium  (par.  95  a.)  ;  for 
chlorides,  by  nitrate  of  silver  (par.  96  a,);  and  for  phos- 
phates, by  molybdate  of  ammonium,  or  by  sulphate  of  magne- 
sium and  ammonia  (par.  100  S.  a).  Or  a  single  portion  of  the 
acidified  solution  may  be  tested  with  a  few  drops  of  nitrate  of 
barium  to  precipitate  sulphates ;  then  filtered  and  treated  with 
excess  of  nitrate  of  silver  to  precipitate  chlorides ;  then  again 
filtered  and  carefully  neutralised  with  dilute  ammonia  to  throw 
down  the  yellow  phosphate  of  silver  which  the  previously  free 
nitric  acid  held  in  solution. 

The  remainder  of  the  liquid  has  to  be  evaporated  to  dryness, 
and  the  residue,  after  gentle  ignition,  dissolved  in  a  small  quan- 
tity of  water.  The  solution,  filtered  if  necessary,  and  acidulated 
with  hydrochloric  acid,  is  carefully  evaporated  down  in  a  watch- 
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glass  or  capsule,  when  cubes  of  common  salt  will  crystallise  out, 
showing  the  presence  of  sodium.  The  mother  liquor  from  these 
crystals  is  then  to  be  treated  with  perchloride  of  platinum  and 
alcohol,  when,  on  stirring,  a  crystalline  yellow  precipitate  of 
platino-chloride  of  potassium  will  be  deposited.  Or  the  solu- 
tion, acidified  with  hydrochloric  acid,  may  be  treated  at  once  with 
perchloride  of  platinum  and  alcohol,  the  yellow  liquid  filtered 
from  the  potassium  precipitate  and  evaporated  down,  when 
yellow  crystals  of  platino-chloride  of  sodium  will  make  their 
appearance. 

§  II.— NOEMAL  UKINE. 
(155.)  GENERAL  PROPERTIES. 

a.  Appearance,  &c.  Healthy  human  urine  is  an  aqueous 
liquid  in  which  various  compounds,  organic  and  mineral,  are 
dissolved,  and  certain  other  substances  held  in  suspension.  It 
has  an  amber  colour,  a  slightly  acid  reaction,  a  characteristic 
though  not  powerful  odour,  and  a  sp.  gr.  usually  ranging  within 
a  few  degrees  of  1020.  The  substances  suspended  in  urine  are 
epithelium  and  mucus.  Its  dissolved  organic  constituents  are 
urea,  uric  acid,  and  hippuric  acid,  with  colouring  and  other  extrac- 
tive matters.  Its  inorganic  or  mineral  constituents  are  sodium, 
potassium,  calcium,  and  magnesium,  in  the  form  of  phosphates, 
sulphates,  and  chlorides.  The  student  is  expected  to  identify 
these  several  substances,  to  make  himself  acquainted  with  their 
characteristic  appearances,  and  to  realise  their  principal  reac- 
tions. A  good  quarter-inch  object-glass  is  requisite  for  micro- 
scopic examination. 

/3.  Mucus,  epithelium,  &c.  Recent  urine  set  aside  for 
some  little  time  in  a  glass  vessel  gradually  deposits  a  loose 
flocculent  sediment,  readily  visible  upon  holding  the  specimen 
between  the  eye  and  the  light.  When  examined  microscopically 
it  is  seen  to  consist  of  epithelial  cells,  derived  from  different  por- 
tions of  the  urinary  apparatus,  together  with  granular  or  mucus- 
corpuscles.  By  nitration,  these  suspended  urinary  constituents 
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remain  on  the  filtering  paper  as  a  scarcely  visible  deposit,  while 
the  urine  itself  passes  through  perfectly  bright.  On  gently 
drying  the  filtering  paper,  the  deposit  assumes  a  varnish-like 
aspect. 

(156.)  UREA. 

a.  Its  detection.  A  little  of  the  filtered  urine,  concen- 
trated by  careful  evaporation  in  a  watch-glass,  and  treated  with 
a  few  drops  of  strong  colourless  nitric  acid,  yields  either  at  once 
or  very  speedily  a  crystalline  deposit  of  nitrate  of  urea.  This 
deposit,  when  examined  under  the  microscope,  is  seen  to  consist 
of  delicate  six-sided  plates,  superimposed  upon  one  another  so  as 
usually  to  prevent  more  than  three  or 
four  of  the  sides  of  any  one  crystal 
beingrecognisable,  as  shown  in  fig.  5  3 . 
The  nitrate  of  urea  maybe  formed  in 
a  watch-glass  and  then  transferred 
to  a  slide,  or  it  may  be  dissolved  in 
water  and  recrystallised  on  a  slide, 
or  nitric  acid  may  be  added  to  some 
concentrated  urine  previously  placed 
in  the  field  of  the  microscope,  and 
the  actual  process  of  crystallisation 
observed. 

(3.  Preparation  of  urea.  A  couple  of  ounces  or  so  of 
fresh  and  filtered  urine  are  evaporated  on  a  water-bath  or  gently 
heated  sand-bath  to  a  syrupy  consistency,  and  a  quantity  of 
strong  colourless  nitric  acid  about  equal  in  bulk  to  the  concen- 
trated urine  added  thereto,  when  the  mixture,  upon  cooling, 
becomes  semi-solid  from  the  formation  of  nitrate  of  urea.  The 
crystalline  mass  is  drained  on  a  tile,  or  pressed  between  several 
folds  of  blotting  paper,  then  dissolved  in  a  little  warm  water, 
and  the  resulting  solution  treated  with  an  excess  of  carbonate 
of  barium.  Upon  concentrating  the  filtered  liquid,  nitrate  of 
barium  crystallises  out  first,  while  urea  remains  in  the  mother 
liquor,  which  is  evaporated  to  dryness  over  a  water-bath.  From 
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this  residue  warm  alcohol  extracts  the  urea,  and,  on  cooling  or 
slow  evaporation,  deposits  it  in  the  form  of  long  flattened  pris- 
matic crystals,  as  shown  in  fig.  54.. 

y.  Properties  of  urea.  Urea 
behaves  in  some  respects  like  an 
organic  base,  being  capable  of  unit- 
ing with  certain  acids,  notably  the 
nitric  and  oxalic  acids,  to  form  salts. 
It  dissolves  readily  in  water  and 
alcohol,  producing  solutions  which 
are  neutral  to  test-paper.  The  for- 
mula of  urea  is  CH4N20,  and  that 
of  nitrate  of  urea  CH4N2O.HN03. 
Urea  is  isomeric  with  cyanate  of 
ammonium  NH4CNO,  which  undergoes  spontaneous  conversion 
into  it ;  and  also  isomeric,  if  not  identical,  with  carbamide 
NaH4(CO)".  Heated  with  water  under  pressure,  it  is  trans- 
formed into  carbonate  of  ammonium,  thus  :  CH4NaO  +  2HaO 
=  (NH4)aC03.  The  same  change  takes  place  spontaneously  in 
putrefying  urine,  and  is  also  brought  about  by  acting  on  urea 
with  strong  potash  or  sulphuric  acid,  except  that  the  result- 
ing carbonate  of  ammonium  is  then  broken  up  by  the  reagent 
employed.  1,000  parts  of  urine  contain,  on  the  average,  about 
1 5  of  urea. 

(157.)  URIC  ACID. 

a.  Its  detection.  This  compound  occurs  but  in  small 
quantity  in  healthy  human  urine,  100  parts  of  which  con- 
tain, on  the  average,  not  more  than  half  a  part  of  uric 
acid.  In  order  to  detect  its  presence,  a  couple  of  ounces 
or  so  of  filtered  urine  are  reduced  to  one-half  the  original 
bulk  by  evaporation,  a  little  hydrochloric  acid  added  to  the 
concentrated  liquid,  and  the  whole  set  aside  in  a  cool  place 
for  some  hours,  when  the  interior  of  the  vessel  will  be  found 
studded  with  small  brown  crystals  of  impure  uric  acid.  In 
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the  case  of  urine  having  a  moderately  high  specific  gravity,  con- 
centration is  unnecessary.  After  pouring  off  the  supernatant 
liquid,  the  crystals  are  detached,  washed  with  water,  and  dissolved 
in  a  few  drops  of  warm  potash.  The  resulting  solution  of  urate 
of  potassium  is  then  filtered,  and  acidulated  with  hydrochloric 
acid,  whereby  a  crystalline  precipitate  of  uric  acid  is  thrown 
down,  which  may  be  examined  microscopically  and  by  the  action 
of  nitric  acid,  as  described  below. 

j3.  Preparation  of  uric  acid.  Uric  acid  cannot  well  be 
prepared,  in  any  quantity,  from  normal  human  urine.  But  it 
may  be  easily  obtained  from  the  common  brickdust  urinary 
deposit,  collected  on  a  filter  and  washed  with  water  ;  or  from 
powdered  uric  calculi ;  or  the  excreta  of  serpents.  Any  one  of 
these  substances  is  boiled  with  caustic  potash,  the  solution  diluted 
with  water,  filtered,  and  supersaturated  with  hydrochloric  acid, 
whereby  a  very  considerable  opacity  is  at  first  produced,  which, 
however,  speedily  disappears,  and  is  replaced  by  a  dense  crystal- 
line precipitate,  from  which  the  supernatant  liquid  may  be  readily 
poured  off. 

y.  Properties  of  uric  acid.  Uric  acid  furnishes  two 
classes  of  salts,  acid  and  neutral,  and  is  consequently  dibasic. 
Its  formula  is  C5H4N403.  The  formula  for  a  scarcely  soluble  or 
acid  urate  is  C5MH3N4Oa,  and  that  for  a  soluble  or  neutral  urate 
C5MaHaIsr403.  Uric  acid  itself  is  extremely  insoluble,  both  in 
water  and  alcohol ;  but  is  soluble  in  alkaline  solutions,  forming 
neutral  urates,  and  reprecipitated  therefrom  on  the  addition  of  an 
acid.  It  always  occurs  in  the  crystalline  state,  the  appearance  of 
the  crystals,  however,  being  very  various.  Occasionally  the  acid 
is  met  with  in  its  normal  form  of  the  rhombic  prism,  more  fre- 
quently in  rhombic  plates  with  the  obtuse  angles  more  or  less 
rounded  off,  or  in  acuminated  doubly-convex  lozenge-shaped 
plates,  or  in  elongated  flat  plates  with  excavated  ends.  Some  of 
the  forms  of  uric  acid  crystals  are  shown  in  figs.  55  and  56. 
Uric  acid  dissolves  readily,  with  effervescence,  in  nitric  acid,  and 
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on  evaporating  the  solution  to  dryness  an  amorphous  pinkish 
residue  is  left.     This,  when  moistened  with  ammonia,  assumes  a 


Fig-  55- 


fine  crimson  colour,  which  is  changed  to  violet  on  the  addition 
of  a  small  quantity  of  caustic  potash. 


(158.)  HIPPURIC  ACID. 

a.  Its  preparation.  'Although  this  acid  exists,  in  healthy 
human  urine,  in  nearly  the  same  proportion  as  uric  acid,  yet  its 
presence  therein  does  not  so  readily  admit  of  demonstration.  It 
can,  however,  be  easily  procured  from  the  urine  of  herbivora, 
and  from  that  of  patients  who  have  been  taking  benzoic  acid  as 
a  medicine.  To  prepare  it  from  either  of  these  sources,  the 
recent  filtered  urine  is  evaporated  down  to  one-fourth  of  its  bulkr 
and  then  treated  with  an  equal  volume  of  ordinary  hydrochloric 
acid,  when,  on  cooling,  long  prismatic  needles  of  impure  hippuric 
acid  crystallise  out.  These,  after  being  washed  with  a  little  cold 
water,  are  dissolved  in  boiling  water,  and  the  solution  set  aside  to 
crystallise. 

/3.  Properties  of  hippuric  acid.  The  hippuric  is  a 
monobasic  acid,  represented  by  the  formula  C9H9N03.  It  is 
soluble  in  water,  alcohol,  and  ether.  The  crystals  obtained  by 
cooling  the  hot  aqueous  solution  on  a  slide  consist  of  delicate 
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prisms,  often  presenting  the  appearance  of  elongated  six-sided 
plates,  as  shown  in  fig.  57. 

By  prolonged  boiling  with  con-  ^  57' 

centrated  hydrochloric  acid,  hip- 
puric  or  glyco-benzoic  acid  absorbs 
a  molecule  of  water,  and  breaks  up 
into  benzoic  acid  and  glycocine  or 
sugar  of  gelatine,  thus:  C9H9N03 
+  H20  =  C7H6Oa  +  CaH5NOa.  The 
larger  proportion  of  the  former  pro- 
duct is  dissipated  by  evaporation  ; 
but  the  glycocine  may  be  detected 
by  adding  to  the  liquid  a  drop  or  so 
of  aqueous  sulphate  of  copper  and  an  excess  of  potash,  whereby  a 
deep  blue-coloured  solution  is  produced,  unaffected  by  ebullition. 

(159.)  COLOURING  AND  EXTRACTIVE  MATTERS. 

a.  Purpurine,  &c.  When  healthy  urine  is  boiled  in  a  test- 
tube  with  about  one-fourth  its  bulk  of  hydrochloric  acid,  a  deep 
brownish-purple  colour  is  produced,  due  to  the  metamorphosis  of 
a  peculiar  highly  carbonised  pink  colouring  matter,  known  as 
purpurine.  The  common  pink  deposits  of  alkaline  urates  owe 
their  colour  to  this  purpurine,  which  has  a  great  tendency  to 
become  precipitated  with  them.  Hence,  when  perfectly  white 
urate  of  ammonia,  boa's  excrement,  for  instance,  is  boiled  in 
urine  containing  much  purpurine,  it  is  deposited  on  cooling  of 
a  pink  colour,  from  its  carrying  down  some  purpurine  with  it. 
When  these  coloured  deposits,  natural  or  artificial,  are  boiled  in 
alcohol,  the  purpurine  is  dissolved,  forming  a  pinkish-red  solution. 
The  relation  in  which  purpurine  stands  to  the  yellow  colouring 
matter  of  urine  is  not  satisfactorily  established. 

/3.  Extractives.  The  remaining  organic  urinary  constituents 
are  called  by  this  name.  They  generally  amount  to  about  one 
per  cent,  of  the  urine.  Included  among  them  is  some  principle 
containing  sulphur  in  an  un oxidised  form,  also  kreatine  and 
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kreatinine,  substances  derived  from  the  oxidation  of  muscle,  and 
found  more  largely  in  the  juice  of  flesh.  Schunck  has  noticed 
in  urine  the  habitat  presence  of  a  substance,  allied  to  indican, 
decomposible  by  an  absorption  of  water  into  grape  sugar  and 
indigo-blue. 

(160.)    MINERAL  SALTS. 

a.  Ash  of  urine.  This  may  be  examined  according  to  the 
directions  previously  given  for  the  analysis  of  animal  ashes 
(par.  144).  It  will  be  usually  found  to  contain  calcium,  mag- 
nesium, sodium,  and  a  small  quantity  of  potassium,  in  the  form 
of  carbonates,  sulphates,  phosphates,  and  chlorides.  The  residue 
left  after  the  ash  has  been  acted  upon  by  acid,  consists  principally 
of  carbon.  When  this  residue  is  ignited  for  some  time,  a 
minute  white  ash  remains,  which  is  said  to  contain  silica  and 
fluorine. 

/3.  Most  of  the  inorganic  constituents  of  urine  may  be  de- 
tected in  the  secretion  itself  after  simple  filtration.  On  the 
addition  of  ammonia  a  white  precipitate  is  produced,  which, 
when  examined  microscopically,  is  seen  to  consist  of  amor- 
phous granules  of  phosphate  of  calcium  and  characteris- 
tic stellate  feathery  crystals  of  ammonio  -  phosphate  of 
magnesium.  If  healthy  urine,  especially  that  passed  after  a 
-p.  8  night's  rest,  be  evaporated  very  gra- 

dually upon  a  glass  slide,  minute 
octahedral  crystals  of  chloride  of 
sodium  may  be  detected  by  mi- 
croscopic examination.  Generally 
speaking,  however,  the  common  salt 
is  seen  in  the  form  of  very  complex 
right-angled  crosslets  (stauroid  crys- 
tals), arranged  somewhat  like  che- 
vaux  de  frise.  On  the  axes  and 
extremities  of  these  forms,  octahe- 
drons may  occasionally  be  recog- 
nised by  a  good  defining  glass.  Fig.  58  shows  one  of  the 
many  appearances  presented  by  carefully  evaporated  urine. 
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Sulphuric  and  hydrochloric  acids  may  be  detected  in  urine  by 
the  usual  testa. 


§  in.  AENOEMAL  UEINE.. 

The  abnormal  constituents  of  urine  which  do  not  necessarily 
give  rise  to  deposits,  are  albumen,  sugar,  biliary  matters,  and  fat. 

(161.)  ALBUMINOUS  URINE. 

a.  Appearance,  &c.  The  general  appearances  of  albuminous 
urine  vary  considerably.  Sometimes  it  presents  nothing  un- 
usual in  its  aspect;  often  the  flocculent  deposit  formed  by 
repose  is  larger  in  amount  than  that  of  the  healthy  secretion  ; 
occasionally  the  urine  has  a  faintly  opalescent  appearance, 
not  removable  by  nitration ;  and  very  frequently  it"  is  met 
with,  black,  brown,  or  red,  from  the  presence  of  altered  blood, 
with  or  without  the  occurrence  of  a  deposit  of  blood  globules. 
Albuminous  urine  when  shaken  retains  the  froth  for  a  long  time ; 
its  specific  gravity  is  very  variable. 

(3,  Testbyboiling.  Some  of  the  suspected  urine  is  boiled 
in  a  test-tube,  when  should  albumen  be  present,  a  turbidity  will 
be  produced,  the  amount  of  which  may  vary  from  a  faint  cloud 
to  a  bulky  precipitate  rendering  the  urine  nearly  solid.  Impedi- 
ments.— a.  Albumen  when  dissolved  in  alkaline  nuid&  is  not 
necessarily  deposited  upon  boiling,  the  formation  or  non-forma- 
tion of  a  precipitate  having  reference  to  the  relative  quantities  of 
albumen  and  alkali  respectively  present.  Therefore,  in  testing  an 
alkaline  urine  for  albumen,  the  liquid  should  first  be  rendered  very 
faintly  acid  with  acetic  acid.  b.  A  previously  opaque  condition 
of  the  urine  interferes  with  the  action  of  this  test.  This  inter- 
ference may  be  lessened,  if  not  removed,  by  filtering  the  urine 
before  applying  heat  thereto.  In  urine  containing  deposits,  the 
clear  liquid  can  generally  be  poured  off  and  tested  separately. 
But  deposits  of  urates  do  not  impede  the  action  of  this  test,  as, 
upon  heating  the  urine,  their  dissolution  takes  place  before 
the  precipitation  of  any  albumen,  c.  Albuminous  urine,  to 
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which  a  very  minute  quantity  of  nitric  acid  has  been  added, 
is  not  rendered  turbid  by  heat.  Fallacy. — Upon  boiling  certain 
varieties  of  urine,  a  precipitate  of  the  earthy  phosphates  occa- 
sionally  takes  place,  which  can,  however,  be  distinguished  from 
that  of  albumen  by  the  addition  of  a  little  dilute  nitric  acid, 
whereby  the  former  is  dissolved,  the  latter  unaffected. 

y.  Nitric  acid  test.  On  adding  nitric  acid  to  albuminous 
urine,  a  white  turbidity  is  produced,  varying  in  amount  with  the 
proportion  of  albumen  present.  Impediments. — a.  The  reagent 
should  be  added  drop  by  drop,  since  a  minute  quantity  does  not 
cause  any  precipitate,  and  a  great  excess  dissolves  any  precipitate 
which  may  have  formed,  b.  When  the  urine  is  opaque,  it  should 
be  rendered  slightly  alkaline  with  potash,  agitated,  filtered,  and 
then  tested  with  nitric  acid.  Fallacies. — a.  In  some  varieties  of 
urine  the  addition  of  nitric  acid  produces  a  precipitate  of  uric 
acidj  which,  however,  speedily  shrinks  very  much  in  bulk,  and, 
when  .examined  microscopically,  is  seen  to  be  crystalline,  whereas 
the  deposit  of  albumen  is  amorphous,  b.  Nitric  acid  produces  a 
whitish  turbidity  in  the  urine  of  patients  who  have  been  taking 
copaiva,  cubebs,  and  probably  other  oleo-  and  resinous  medicines. 
But  while  the  precipitate  of  albumen  subsides  to  the  bottom  of 
the  test-tube  in  the  course  of  a  few  hours,  the  precipitate  of  oleo- 
resinous  matters  remains  suspended  in  the  urine  for  two  or  three 
days.  Moreover,  inquiry  can  always  be  made  on  these  points. 

8.  Ferrocyanide  of  potassium  test.  Solution  of  ferro- 
cyanide  of  potassium  added  to  albuminous  urine  previously 
acidulated  with  acetic  acid,  throws  down  a  white  precipitate. 
Impediment.- — The  mere  addition  of  acetic  acid  to  urine  occa- 
sionally produces  a  precipitation  of  mucus,  in  which  case  the 
acidulated  urine  must  be  filtered  before  being  tested  with  the 
ferrocyanide, 

'(162.)  SACCHARINE  URINE. 

a.  Appearance,  &c.  Saccharine  urine  cannot  be  distin- 
guished  by  the  eye  from  the  normal  secretion.  It  has  generally 
a  high  specific  gravity,  a  rather  fragrant  odour,  and  when  agitated 


SACCHARINE   URINE.  197 

retains  its  froth  for  some  time.  It  is  said  to  have  a  distinctly  sweet 
taste.     Minute  traces  of  sugar  exist  habitually  in  normal  urine. 

/3.  Potash  test.  To  the  suspected  urine,  an  equal  bulk  of 
the  ordinary  solution  of  caustic  potash  is  added,  and  the  whole 
boiled  ;  whereon  a  deep  orange-brown,  frequently  almost  black, 
colour  is  produced  if  sugar  be  present  in  abnormal  quantity. 
Fallacies. — Should  a  deep  brown  colour  be  produced,  the  test 
is  free  from  fallacy ;  but  there  are  many  specimens  of  non-sac- 
charine urine  which,  when  bailed  with  caustic  potash,  acquire  a 
tolerably  dark  sherry  colour.  Moreover,  caustic  potash  fre- 
quently contains  lead,  and  this  impure  reagent,  acting  upon  the 
sulphur  of  ordinary  urine,  or  more  decidedly  in  albuminous 
specimens,  will  occasion  a  brown  discoloration.  The  potash 
should,  therefore,  be  first  tested  for  lead. 

y.  Copper  test.  The  urine  is  mixed  with  about  half  its 
bulk  of  caustic  potash  solution,  whereby  a  precipitate  of  earthy 
phosphates  is  produced,  which,  in  questionable  casesf  should  be 
separated  by  filtration.  To  the  alkaline  liquid,  filtered  or  un- 
filtered,  a  drop  or  two  of  a  dilute  solution  of  sulphate  of  copper 
is  added,  when,  if  sugar  be  present,  the  greenish-blue  precipitate 
first  thrown  down  will  disappear  upon  agitation,  forming  a  deep 
blue-coloured  liquid.  On  heating  this  liquid,  and  even  before 
it  arrives  at  the  boiling  point,  a  red  or  orange-coloured  preci- 
pitate will  be  formed,  characteristic  of  sugar.  Fallacies 

Although  the  precipitate  produced  by  the  addition  of  sulphate  of 
copper  to  a  mixture  of  normal  urine  and  caustic  potash  does  not 
disappear  upon  agitation,  still  the  disappearance  of  the  precipitate 
with  formation  of  a  blue  liquid  is  no  proof  of  the  presence  of 
sugar.  Moreover,  the  application  of  heat  should  not  be  continued 
after  the  blue  liquid  has  acquired  a  boiling  temperature,  as  many 
substances  by  prolonged  ebullition  effect  a  deposition  of  the  red 
suboxide  of  copper. 

ft.  Modified  copper  test.  Instead  of  taking  separate  so- 
lutions of  sulphate  of  copper  and  potash,  a  ready-made  alkaline 
solution  of  tartrate  of  copper  may  be  added  to  the  suspected 
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Fig.  59- 


urine,  and  the  whole  heated  to  the  boiling  point,  when  the  pro- 
duction of  an  orange  precipitate  of  suboxide  of  copper  will  show 
the  presence  of  sugar.  The  test  solution  is  made  'by  dissolving 
about  20  grains  of  sulphate  of  copper  and  40  grains  of  neutral 
tartrate  of  potassium  in  an  ounce  of  the  officinal  solution  of  potash, 
whereby  a  clear  deep  blue  liquid  should  be  produced,  which  may 
•be  filtered  if  necessary. 

t.  Tin  test.  The  reductions  of  salts  of  tin,  bismuth,  silver, 
•and  chromic  acid  by  grape  sugar  at  a  moderate  heat,  have  been 
made  the  bases  of  separate  tests.  The  tin  test  is  best  performed 
T^y  having  ready-prepared  strips  of  merino  or  other  woollen  (not 
cotton  or  linen)  tissue  dipped  in  solution  of  dichloride  of  tin  and 
then  dried  in  a  water-bath.  On  moistening  one  of  these  strips 
with  diabetic  urine,  and  holding  it  near 
the  fire,  or  •otherwise  heating  it  to  a 
temperature  of  about  300°  F.,  a  brown- 
ish-black coloration  quickly  makes  its 
appearance.  This  is  a  convenient  cli- 
nical test,  and  one  of  great  delicacy. 

£.  Fermentation  test.  Ordinary 
yeast,  or  the  dried  "German  yeast,  is 
mixed  with  water,  and  a  long  test-tube 
completely  filled  with  the  suspected 
urine,  to  which  a  little  of  the  yeast 
liquid  has  been  added.  The  tube  is 
then  closed  with  the  thumb,  and  in- 
verted in  a  saucer  containing  a  little 
of  the  urine  under  examination,  so 
that  no  air  may  enter  the  tube ;  and 
the  whole  set  aside  in  a  tolerably  warm 
situation.  The  temperature  ought  not 
to  be  below  70°  Fahrenheit.  Should 
the  urine  be  saccharine,  minute  air-bubbles  will  speedily  make 
their  appearance,  and  in  the  course  of  an  hour  or  so  a  very 
definite  quantity  of  gas  will  occupy  the  upper  part  of  the  tube, 
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Fig.  60. 


as  shown  in  fig.  59  ;  but  other  forms  of  apparatus  may  be  em- 
ployed. The  sporules  and  thallus  of  the  sugar  fungus,  or  yeast 
plant,  are  said  to  be  recognisable  in  stale  saccharine  urine. 

(163.)  BILIARY  URINE. 

a.  Appearance,  &c.  Biliary  urine  has  a  yellowish-brown 
colour,  and  a  persistent  bitter  taste.  It  is  doubtful  whether  the 
urine  as  voided  ever  contains  more  than  a  trace  of  the  true  biliary 
salts,  for  the  detection  of  which  substances  only  is 
Pettenkofer's  test  adapted  (vide  par.  178);  but 
Heller's  test,  and  the  nitric  acid  test,  react  upon  the 
colouring  matter  of  bile,  which  not  unfrequently 
finds  its  way  into  the  urine. 

/3.  Nitric  acid  test.  A  little  of  the  urine, 
previously  concentrated  if  necessary,  is  poured  on  to 
a  white  plate,  so  as  to  form  a  thin  layer,  upon  which 
a  few  drops  of  strong  nitric  acid  are  then  let  fall. 
Where  the  acid  comes  into  contact  with  the  biliary 
urine,  a  peculiar  play  of  colours  is  produced  —  green, 
pink,  violet,  and  yellow,  being  readily  recognisable. 
Or  a  mixture  of  the  urine  with  dilute  nitric  acid  may 
be  carefully  poured  on  to  some  strong  sulphuric  acid, 
when  the  characteristic  colouration  will  take  place 
at  the  junction  of  the  two  liquids,  as  seen  in  fig.  60. 

y.  Heller's  test.  For  the  application  of  this  test  the  urine 
is  required  to  contain  albumen  ;  hence  it  must  be  mixed,  if 
necessary,  with  a  little  diluted  white  of  egg,  serum  of  blood,  or 
some  other  urine  containing  albumen.  Nitric  acid  is  then  added, 
when,  if  bile  be  present,  tlie  precipitate  will  have  a  faintly 
bluish  or  greenish  colour  ;  but  the  test  is  not  very  satisfactory. 


(164.)  FATTY  URINE. 

a.  Fat  globules,  &c.     The  conditions  in  which  fat  occurs  in 
the  urine  have  not  been  ascertained  with  any  degree  of  precision. 


2OO  URINARY   DEPOSITS. 

Occasionally,  when  examining  the  ordinary  flocculent  deposit  of 
urine  by  means  of  the  microscope,  isolated  fat  globules  may  be 
recognised.  Fat  occurring  only  in  this  state  is  believed  by  some 
observers  to  be  necessarily  of  extraneous  origin.  In  some  forms 
of  Bright's  disease  the  fibrinous  casts  of  tubes  and  the  epithe- 
lial cells,  particularly  those  derived  from  the  kidney,  are  seen 
loaded  with  fat,  and  at  the  same  time  isolated  fat  globules  may  be 
detected. 

/3.  Chylous  urine.  Occasionally  this  curious  variety  of 
urine  is  met  with  :  the  secretion  is  more  or  less  opaque,  always 
contains  albumen,  frequently  gelatinises  on  cooling,  and,  when 
examined  microscopically,  displays  an  abundance  of  minutely 
divided  granular  matter,  and  a  few  granular  cells  similar  to  those 
found  in  the  chyle,  but  no  fat  globules.  Fat,  however,  may  be 
readily  obtained  by  agitating  the  urine  with  ether,  and  evapo- 
rating the  ethereal  solution. 

y.  Kie stein-urine.  In  the  urine  of  pregnant  women  the 
so-called  kiestein  may  be  recognised.  The  secretion  has  generally 
an  acid  reaction,  and  by  repose  becomes  faintly  opaque.  In  the 
course  of  two  or  three  days  a  fat-like  scum  rises  to  the  surface, 
remains  there  for  two  or  three  days,  and  then  sinks  to  the  bottom 
of  the  vessel,  the  urine  becoming  at  the  same  time  ammoniacal. 
When  this  scum  is  examined  microscopically,  it  is  seen  to  consist 
of  crystals  of  triple  phosphate,  with  a  few  fat  globules,  imbedded 
in  a  dense  granular  matter,  which  appears  to  be  of  an  albuminous 
character,  containing,  however,  minutely  divided  fat.  Kiestein 
urine,  by  keeping,  frequently  evolves  a  powerful  odour  of  putres- 
cent  cheese.  Its  occurrence  is  no  longer  regarded  as  positively 
diagnostic  of  pregnancy. 


§  IV.  UEINAEY  DEPOSITS. 

These  may  be  distinguished  into  chemical  compounds  either 
crystalline  or  amorphous,  and  structural  or  organised  compounds. 
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(165.)  CHEMICAL  DEPOSITS. 

a.  Urates  or  lithates. — Every  deposit  which  disappears 
upon  the  application  of  heat,  consists  of  uric  acid  in  combination 
with  various  bases.  These  urates  are  sometimes  white,  but 
generally  more  or  less  coloured  with  purpurine,  which  may  be 
partially  extracted  from  them  by  means  of  boiling  alcohol.  They 
form  a  bulky  deposit,  nearly  always  amorphous,  occasionally 
appearing  in  the  form  of  minute  spheres  with  protruding  spicula. 
Urate  sediments  dissolve  readily  on  the  addition  of  caustic 
potash,  the  solution  when  boiled  giving  off  ammonia.  Moreover, 
they  yield  a  residue  of  murexide,  when  treated  with  strong  nitric 
acid,  evaporated  to  dryness,  and  held  over  the  vapour  of  am- 
monia. The  urine  in  which  these  deposits  occur  has  generally 
an  acid  reaction. 

/3.  Earthy  phosphates. — Nearly  every  deposit  which  dis- 
appears upon  the  addition  of  hydrochloric  acid  consists  of  earthy 
phosphates.  These  salts  form  a  bulky  opaque  white  deposit, 
which,  unless  associated  with  mucus,  is  easily  diffusible  upon 
agitation.  The  urine  itself  is  mostly  alkaline,  or  neutral,  or 
but  very  faintly  acid.  Deposited 
phosphate  of  calcium  is  usually 
amorphous,  save  in  acid  urine, 
where  it  sometimes  occurs  in  pe- 
culiar radiated  or  penniform  crys- 
tals. The  ammonio-phosphate  of 
magnesium  crystallises  in  variously 
modified  triangular  prisms,  often 
simulating  irregular  six-sided  plates, 
as  shown  in  fig,  61  ;  and  in  very 
ammoniacal  urine  is  met  with  in  the 
form  of  stellate  feathery  crystals. 
In  some  cases  this  deposit  is  seen  as  an  iridescent  pellicle,  and 
occasionally  it  remains  for  a  long  time  suspended  in  the  urine. 

y.  Uric  acid. — Every  obviously  crystalline  deposit,  having  a 


Fig.  61. 
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Fig.  62. 


distinctly  yellow  or  red  colour,  consists  of  uric  acid.  The  colour, 
specific  gravity,  and  acidity  of  urine  yielding  uric  acid  sediments 
are  generally  rather-  above  than  below  the  average.  The  deposit 
is  compact  in  its  appearance,  and  subsides  quickly  after  agitation. 
It  is  readily  soluble  in  potash,  from  which  solution  it  is  repre- 
cipitated  on  the  addition  of  hydrochloric  acid.  When  treated 
with  strong  nitric  acid,  evaporated  to  dryness,  and  held  over  the 
vapour  of  ammonia,  it  yields  murexide.  Uric  acid  deposits  are 
very  rarely  indeed  devoid  of  colour.  They  are  met  with  in 
variously  modified  crystalline  forms  (vide  par.  147). 

jb.  Oxalate  of  calcium.  This  salt  seldom  if  ever  forms  a 
distinct  sediment.  It  may  be  detected  by  allowing  the  urine  to 
stand  at  rest  for  some  time,  and  then  pouring  away  all  but  the 

last  portions,  which  must  be  ex- 
amined microscopically.  It  occurs  in 
well-marked  octahedrons,  the  crys- 
tals generally  appearing  to  have  a 
square  outline,  and  their  opposite 
angles  being  connected  by  markings, 
as  shown  in  fig.  62.  The  sediment 
may  be  rendered  apparent  to  the 
naked  eye,  by  warming  the  residue 
of  urine,  left  after  pouring  away  the 
greater  portion,  giving  it  a  rotatory 
motion,  and  allowing  it  to  stand  for 

a  few  minutes.  Then  on  pouring  off  the  remainder  of  the  urine, 
and  replacing  it  by  water,  a  white  glistening  deposit  becomes 
visible.  The  deposit  of  oxalate  of  calcium  is  scarcely  at  all 
affected  by  cold  potash.  It  dissolves  without  effervescence  in  dilute 
hydrochloric  acid,  forming  a  solution  which  effervesces  on  the 
addition  of  a  little  peroxide  of  manganese.  There  are  occasion- 
ally found  associated  with  octahedrons  of  oxalate  of  calcium, 
certain  dumbbell-shaped  crystals,  said  to  consist  of  oxalurate  of 
calcium.  They  are  insoluble  in  potash,  soluble  in  hot  hydro- 
chloric acid,  and  when  incinerated  leave  a  residue  of  carbonate  of 
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FIG.  63. 


calcium.     Deposits  of  uric  acid  and  phosphates  have  been  occa- 
sionally met  with  in  the  dumb-bell  form. 

e.  Cystine.  This  deposit  occurs  somewhat  rarely,  in  the 
form  of  a  bulky,  easily  diffusible  deposit,  resembling  in  its  appear- 
ance the  white  or  pale  lithates.  When  examined  microscopically 
it  is  seen  to  consist  of  rosette-like  plates,  in  which  a  hexagonal 
outline  may  sometimes  be  recognised.  After  pouring  off  the 
supernatant  urine,  the  sediment  will  be  found  to  be  insoluble  in 
acetic  acid,  soluble  in  hydrochloric  acid,  and  very  soluble  in 
ammonia.  When  the  ammoniacal 
solution  is  allowed  to  evaporate 
spontaneously  on  a  slide,  very  well- 
defined,  transparent  hexagonal 
plates  crystallise  out,  as  shown  in 
fig.  63.  Cystine  is  remarkable  for 
containing  twenty- six  per  cent,  of 
sulphur,  so  that  when  cystic  urine 
is  boiled  with  a  solution  of  acetate 
of  lead  to  which  potash  has  been 
added  in  sufficient  excess  to  dis- 
solve the  precipitate  at  first  thrown 
down,  the  whole  becomes  nearly  black,  from  the  formation  of 
sulphide  of  lead.  Cystic  urine  has  when  recent  an  aromatic, 
when  decomposing  a  very  fetid  odour.  The  formula  of  cystine 
is  C3H7NSOa. 

(166.)  ORGANISED  DEPOSITS. 

a.  Normal  sediment  A  flocculent  deposit,  varying 
slightly  in  quantity  and  appearance,  always  separates  from  urine 
by  repose.  When  examined  microscopically  it  may  show,  in 
addition  to  the  usual  mucus-corpuscles  and  epithelium- cells, 
torulas  characteristic  of  saccharine  urine,  casts  of  uriniferous  tubes 
indicative  of  Bright's  disease,  fat  globules,  whether  free  or  con- 
tained in  a  cell  wall,  vibriones,  spermatozoa,  blood  globules, 
exudation  globules,  minute  crystals  of  oxalate  of  calcium,  and 
occasionally  of  uric  acid,  &c.  &c. 
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Fig.  64. 


(3.  Pus.  This  substance  presents  a  different  appearance 
accordingly  as  it  occurs  in  acid  or  alkaline  urine.  In  acid 
urine,  purulent  deposits  sink  to  the  bottom  of  the  vessel,  and 
form  a  greenish-yellow  opaque  layer,  having  a  creamy  con- 
sistency, an  easy  diffusibility  on  agitation,  and  a  slow  subsidency 
on  repose,  gelatinising  when  agitated  with  an  equal  bulk  of 
caustic  potash,  and  in  fact  presenting  all  the  ordinary  qualities, 
physical  and  microscopical,  of  pus.  In  alkaline  urine  the  deposit 
is  viscid,  tenacious,  ropy,  not  diffusible  on  agitation,  and  is 
mixed  up  with  the  earthy  phosphates,  which  may,  however,  be 
separated  by  the  action  of  dilute  hydrochloric  acid.  Purulent 
urine  is  necessarily  albuminous.  When  a  deposit  of  pus  has  been 

agitated  with  ether,  the  resulting 
ethereal  solution,  upon  being  poured 
off  and  evaporated,  leaves  a  consi- 
derable residue  of  oily  globules. 

The  pus  corpuscles,  which,  how- 
ever, can  scarcely  be  said  to  exist 
after  the  action  of  an  alkali,  consist 
of  circular  granulated  cells,  some- 
what larger  than  blood  globules,  as 
shown  in  fig.  64.  When  acted  on 
by  acetic  acid,  they  swell  up  very 
considerably,  their  margins  become 
distinct,  and  two,  three,  or  four  small  granular  masses  appear  in 
their  centres. 

y.  Mucus.  A  little  mucus  is  always  met  with,  even  in 
normal  urine.  It  may  be  much  increased  in  quantity  without 
being  appreciably  altered  in  character;  but  oftener  it  occurs 
in  the  form  of  gelatinous  masses,  which  sink  to  the  bottom  of  the 
vessel,  or,  from  the  entanglement  of  air-bubbles,  remain  for  a 
long  time  suspended  in  the  urine. 

Mucus  deposits  have  a  more  or  less  marked  alkaline  reaction, 
even  when  the  supernatant  urine  is  acid :  they  do  not  diffuse 
readily  by  agitation,  and  are  frequently  associated  with  a  very 
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considerable  sediment  of  the  earthy  phosphates.  The  presence  of 
even  a  large  amount  of  mucus  does  not  of  itself  render  the  urine 
albuminous.  The  microscopical  characters  of  the  mucus  corpuscle 
are  very  similar  to  those  of  the  pus  corpuscle,  but  the  granular 
character  is  perhaps  not  quite  so  well  marked. 

5.  Blood.  Urine  containing  blood  is  necessarily  albuminous. 
On  allowing  the  urine  to  stand,  and  examining  the  sediment 
microscopically,  blood  globules  may  be  recognised  by  their 
uniform  size,  non-granular  surface,  and  yellow  colour.  The  ap- 
pearance of  urine  containing  blood  is  very  variable  :  its  colour 
may  be  light-red,  dark-red,  reddish-brown,  smoke-brown  or 
scarcely  altered.  The  sediment  also  varies  much  in  its  appear- 
ance :  sometimes  its  nature  is  evident  to  the  unassisted  eye,  at 
other  times  it  occurs  but  in  very  minute  quantities,  and  can  only 
be  identified  microscopically.  Urine  may  contain  altered  colour- 
ing matter  of  blood,  and  yet  the  blood-corpuscles  escape  recog- 
nition. 


§  V.— CLINICAL  EXAMINATION  OF  UEINE. 
(167.)  GENERAL  EXAMINATION. 

a.  Appearance,  &c.  It  is  advisable  to  notice  the  colour, 
whether  pale  from  a  dilute  urine,  or  dark  from  a  concentrated 
urine,  or  reddish  yellow  from  purpurine,  or  brownish  yellow 
from  bile,  or  red  or  brown  from  blood — the  taste,  whether  sweet 
from  sugar,  or  bitter  from  bile — the  smell,  whether  fragrant  from 
cystine  or  from  sugar,  or  foetid  from  alkalinity,  with  or  without 
mucus,  or  from  cystine — any  opalescence  or  milkiness  due  to  fat, 
kiestein,  mucus,  or  a  modification  of  albumen,  &c. 

/3.  Specific  gravity.  The  specific  gravity  should  be  taken 
by  means  of  a  gravimeter  (fig.  65.)  It  may  be  too  low,  from  an 
accidentally  diluted  urine,  or  from  Diabetes  insipidus,  or  from 
certain  forms  of  Morbus  Brightii,  &c.  ;  too  high,  from  a  concen- 
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trated  urine  or  from  the  presence  of  sugar,  <fec.  Dr.  Golding 
Bird  pointed  out  the  very  curious  coincidence,  that  the  last  two 
Fig.  65.  figures,  expressing  the  specific  gravity,  represent  very 
nearly  the  number  of  grains  of  solid  matter  con- 
tained in  an  ounce  of  the  secretion  :  thus  in  urine 
of  the  specific  gravity  10.17,  every  fluid  ounce  con- 
tains about  1 7  grains  of  solid  matter.  This,  however, 
must  be  regarded  as  but  a  very  rough  approxi- 
mation to  the  truth,  trifling  variations  in  the  amount 
of  the  saline  constituents  of  urine  effecting  greater 
alterations  of  density  than  considerable  variations  in 
its  organic  constituents. 

y.  Quantity.  In  order  to  determine  the  quantity 
of  urine  passed  in  twenty-four  hours,  the  patient 
should  be  caused  to  make  water  at  some  definite 
hour  in  the  day, — say  10  A.M.,  the  amount  then 
voided  being  neglected.  After  this  he  should  save 
all  the  urine  he  passes  until  10  o'clock  on  the  next 
day,  at  which  time  he  must  again  empty  his  bladder, 
and  add  the  contents  to  the  specimen  to  be  measured. 
He  should  moreover  be  desired  always  to  mictu- 
rate  before  going  to  the  closet.  By  multiplying 
the  number  of  ounces  passed,  by  the  last  two  figures 
of  the  specific  gravity,  an  approximation  will  be 
arrived  at  as  to  the  total  amount  of  solids  excreted 
by  the  kidneys  in  twenty -four  hours. 


(168.)  CHEMICAL  EXAMINATION. 

a.  Reaction  to  test-paper.  Normal  urine  has  a  slightly 
acid  reaction.  If  alkaline,  it  will  restore  the  blue  colour  of 
reddened  litmus- paper.  Should  the  blue  colour  remain  after  the 
paper  has  become  dry,  the  alkalinity  is  due  to  the  presence  of  a 
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fixed  alkaline  salt ;  but  should  the  red  colour  reappear  on  drying 
the  paper,  the  alkalinity  is  due  to  ammonia. 

/3.  Testing  the  urine.  The  supernatant  urine  is  to  be 
poured  away  from  any  deposit  which  may  have  formed,  and  be 
examined  for  albumen,  sugar,  purpurine,  and  if  necessary  fat  and 
bile.  Should  the  urine  have  a  high  specific  gravity  and  be  free 
from  sugar,  it  may  be  examined  for  an  excess  of  urea  by  pouring 
a  little  of  the  secretion  into  a  watch-glass,  and  adding  about  two- 
thirds  its  bulk  of  cold  concentrated  nitric  acid.  The  formation 
of  a  crystalline  deposit  of  nitrate  of  urea  is,  with  certain  restric- 
tions, indicative  of  an  excess  of  that  base.  It  is,  perhaps, 
generally  advisable  to  concentrate  the  urine  slightly,  before 
adding  the  acid. 

y.  Testing  the  deposit.  The  appearance  of  the  deposit 
generally  indicates  the  order  in  which  the  tests,  both  micro- 
scopical and  chemical,  should  be  applied.  The  lithates  are  dis- 
solved by  heat,  dissolved  by  potash,  undissolved  by  hydrochloric 
acid;  the  phosphates  are  undissolved  by  heat,  undissolved  by 
potash,  dissolved  by  hydrochloric  acid ;  uric  acid  is  undissolved 
by  heat,  dissolved  by  potash,  undissolved  by  hydrochloric  acid  ; 
cystine  is  undissolved  by  heat,  dissolved  by  ammonia  or  potash, 
and  dissolved  by  hydrochloric  acid ;  oxalate  of  calcium  is  un- 
dissolved by  heat,  undissolved  by  potash,  dissolved  by  hydro- 
chloric acid.  In  mixed  deposits  the  different  ingredients  are 
readily  recognised  by  their  different  microscopical  appearances, 
and  by  their  different  behaviour  with  the  above  reagents. 


§  VI.— URINARY  CALCULI. 
(169.)    GENERAL    CHARACTERS. 

a.  Construction,  &c.  Urinary  calculi  are  for  the  most 
part  built  up  of  concentric  layers.  This  structural  arrangement 
is  readily  seen  on  making  a  section  of  a  calculus  through  its 
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centre.  All  the  layers  of  a  calculus  may  have  the  same  composi- 
tion, or  may  differ  very  much  from  one  another  in  this  respect. 
One  single  uniform  layer  of  a  calculus  may  be,  and  generally  is, 
composed  of  several  ingredients.  The  internal  arrangement  of  a 

mixed  mulberry  and  fusible  calculus, 
belonging  to  the  museum  of  St.  Bar- 
tholomew's Hospital,  is  shown  in 
fig.  66  (No.  79  in  catalogue). 

It  is  probable,  that  if  a  very  exact 
analysis  were  made,  each  of  the 
layers  of  nearly  every  calculus  would 
be  found  to  contain  uric  acid,  alka- 
line urates,  phosphate  of  calcium, 
and  ammonio-phosphate  of  mag- 
nesium, with  or  without  the  other 
constituents  of  calculi.  Moreover, 
most  calculi  contain  traces  of  all 

the  salts  naturally  existing  in  the  urine,  as  well  as  of  colouring 
matter,  mucus,  &c. 

From  these  considerations  it  is  obvious  that  the  chemical 
examination  of  a  calculus  need  have  reference  only  to  its  general 
composition,  and  not  to  its  exact  analysis.  It  is  important,  how- 
ever, to  bear  in  mind,  that  even  a  homogeneous  layer  of  a  calculus 
rarely  ever  consists  of  one  constituent  only. 

(3.  Appearance,  &c.  The  general  appearances,  &c.,  of  the 
different  varieties  of  calculi  are  as  follows: — a.  Uric  calculi 
consist  of  uric  acid,  with  or  without  variable  proportions  of  the 
alkaline  urates.  They  have  usually  an  uniform  outline,  a  compact 
laminated  structure,  and  an  orange  or  yellow  colour  :  sometimes 
the  laminated  appearance  is  wanting,  and  sometimes  they  have  a 
light  fawn  colour,  resembling  the  paler  varieties  of  oxalate  of 
lime  concretions.  A  greater  or  less  amount  of  uric  acid  is  found 
in  the  centres  of  most  calculi. 

b.  Earthy  phosphates  consist  of  phosphates  of  calcium  and 
ammonio-phosphate  of  magnesium.  It  rarely  if  ever  happens  that. 
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where  one  of  these  constituents  is  present  the  other  is  wholly 
absent.  When  the  two  exist  in  about  equal  quantities,  the  con- 
cretion is  known  by  the  name  of  the  fusible  calculus,  in  consequence 
of  the  readiness  with  which  it  fuses  in  the  blowpipe  flame.  But 
when  either  constituent  is  present  in  great  excess,  this  fusion 
cannot  be  effected.  The  distinctly  laminated  character  appears 
to  be  more  frequently  wanting  in  the  fusible  than  in  most  other 
varieties  of  calculi.  Phosphatic  calculi  differ  much  in  their 
appearance ;  they  have  usually  a  smooth  uniform  surface,  and  a 
pale,  white,  or  even  chalk-like  aspect.  Sometimes  they  are 
compact  and  hard,  at  other  times  light  and  friable ;  sometimes 
the  layers  adhere  very  closely  to  one  another,  and  at  other  times 
are  just  as  easily  separable.  The  earthy  phosphates  may  con- 
stitute the  greater  part  of  a  calculus,  or  may  be  disseminated 
through  the  other  constituents,  or  may  form  distinct  layers :  they 
give  a  more  or  less  thick  external  coating  to  most  calculi. 

c.  Oxalate  of  calcium  calculi  are  generally  recognised  by 
their  dark  colour,  hard  compact  laminated  structure,  and  irregular 
surface.     The  term  mulberry  calculus  does  not  give  any  idea  of 
the  degree  of  this  irregularity.     But  some  small  oxalate  of  cal- 
cium calculi,  known  as  hemp-seed  concretions,  have  a  smooth 
contour.     Occasionally,  oxalate  of  calcium  concretions,  especially 
when  forming  layers  in  other  calculi,  or  when  mixed  with  uric 
or  phosphatic  deposits,  have  a  pale  colour,  and  very  finely  lami- 
nated structure.    The  central  portions  of  oxalate  of  calcium  calculi 
generally  contain  more  or  less  uric  acid. 

d.  Cystine  calculi  are  of  comparatively  rare  occurrence. 
They  have  an  irregular  or  oval  shape,  a  rough  and  crystalline- 
looking  surface,  a  fawn-brown  colour  when  recent,  and  a  sea- 
green  colour  when  long  kept.    Cystine  rarely  ever  enters  into  the 
constitution  of  composite  calculi. 

y.  Action  ofheat.  Some  of  the  ingredients  of  calculi  are 
destructible  by  heat,  some  indestructible,  as  seen  in  the  following 
table : — 
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URIC  ACID. 

URATE  OF  AMMONIUM. 

CYSTINE. 


OXALIC  ACID,  from  oxalate  of  calcium. 

AMMONIA,  from  triple  phosphate. 

URIC  ACID,  from  urates  of  calcium  and  sodium. 

T  PHOSPHATE  OF  CALCIUM. 
CARBONATE  OF  CALCIUM. 

PHOSPHATE  OF  MAGNESIUM,  from  triple  phosphate. 

CARBONATE  OF  SODIUM,  from  urate  of  sodium. 

CARBONATE  OF  CALCIUM,  from  oxalate  and  urate  of  calcium 

If  the  heat  be  sufficiently  prolonged  and  intense,  the  carbonate 
of  calcium  will  become  converted  into  caustic  lime.  Carbonate  of 
calcium  is  not  an  unfrequent  constituent  of  calculi  which  have 
undergone  partial  decomposition  in  the  bladder. 

(170.)  PRELIMINARY  EXAMINATION. 

a.  Pulverisation,  &c.  The  calculus  to  be  examined 
should  be  sawn  through  its  centre,  so  as  to  expose  its  internal 
arrangement.  Should  it  consist  of  layers  obviously  differing  from 
one  another  each  of  them  must  be  separately  examined.  For 
this  purpose,  a  sufficient  quantity  of  each  layer  may  be  consecu- 
tively removed  by  means  of  a  pocket-knife.  The  determination 
of  the  nature  of  any  one  layer  should  be  ascertained  before  re- 
moving a  specimen  of  the  next  one.  In  friable  calculi,  great  care 
must  be  exercised  in  obtaining  specimens  of  the  different  layers. 
The  smooth  appearance  of  the  flat  surface  can  be  readily  restored 
by  grinding,  so  that  a  calculus  may  be  analysed  without  any 
necessary  disfigurement.  The  specimen  removed  from  each  layer 
is  to  be  reduced  to  a  fine  powder. 

/3.  Ignition.  A  little  of  the  powder  is  to  be  heated  upon 
platinum  foil,  and  careful  attention  paid  to  any  of  the  following 
results,  &c. 
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Charring.  All  urinary  calculi  undergo  a  slight  amount  of 
charring.  In  oxalate  of  calcium  calculi  this  is  very  slight,  and 
speedily  disappears,  leaving  a  bulky  white  pulverulent  residue. 
In  phosphatic  calculi  the  charring  is  more  complete,  and  the 
carbon  not  so  easily  burnt  off. 

Decrepitation.  This  is  always  very  slight:  when  occurring 
simultaneously  with  the  formation  of  a  white  smoke  and  a  great 
degree  of  mobility  in  the  heated  powder,  it  is  indicative  of  urate 
of  ammonium. 

Odour.  Oxalate  of  calcium  calculi  do  not  evolve  much  odour 
when  heated  :  most  others  do.  The  odour  produced  by  the  igni- 
tion of  cystine  is  well  marked  and  characteristic. 

Volatilisation.  Should  the  calculus  powder  burn  away  almost 
entirely,  it  will  suffice  to  test  for  uric  acid,  urate  of  ammonium, 
and  cystine. 

Fusion.  The  heat  of  a  spirit-lamp  is  sometimes  sufficient  to 
fuse  the  mixed  earthy  phosphates. 

Alkalinity.  When  only  the  heat  of  a  lamp  has  been  employed, 
any  alkalinity  to  test  paper,  shown  by  the  moistened  residue,  is 
probably  due  to  carbonate  of  sodium,  derived  from  the  ignition  of 
urate  of  sodium. 

Effervescence.  The  moistened  residue  is  treated  with  a  drop  or 
two  of  nitric  acid.  Effervescence  denotes  the  presence  of  a  car- 
bonate, whether  orginally  existing  as  such,  or  derived  from  the 
ignition  of  oxalate  of  calcium  or  of  the  fixed  alkaline  urates ; 
in  which  latter  case  the  amount  of  effervescence  is  usually  very 
small. 

Blowpipe.  Should  the  ordinary  flame  have  proved  incapable 
of  fusing  the  ash,  the  acidified  residue  may  now  be  dried,  and 
strongly  heated  before  the  blowpipe ;  when,  if  the  mixed  earthy 
phosphates  are  present,  a  more  or  less  complete  fusion,  or  at  any 
rate  cohesion  of  the  particles,  will  take  place. 

(171.)  SPECIAL  TESTS. 
In  addition  to  noticing  the  above  described  effects  of  heat,  it 
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will  often  suffice  to  make  special  tests  for  the  phosphoric,  oxalic, 
and  uric  acids,  without  subjecting  the  calculus  to  a  more  complete 
analysis. 

a.  Phosphoric  acid.  The  residue  upon  the  foil  after  its 
ignition  before  the  blowpipe  is  treated  with  a  drop  or  two  of 
nitric  acid  and  a  little  water,  whereby  its  solution  is  usually 
effected  without  appreciable  effervescence,  any  carbonate  of 
calcium  having  been  converted  into  caustic  lime.  A  drop  or 
two  of  nitrate  of  silver  solution  is  then  added,  and  the  mixed 
liquid  carefully  neutralised  with  dilute  ammonia,  when  the  pro- 
duction of  a  yellow  precipitate  will  indicate  the  presence  of  phos- 
phoric acid.  Under  certain  circumstances,  especially  when  triple 
phosphate  constitutes  the  great  mass  of  the  calculus,  or  when  the 
silver  salt  has  been  added  in  very  small  quantity,  the  precipitate 
is  white.  Or  the  nitric  acid  solution  of  the  ignited  calculus  may 
be  tested  with  molybdate  of  ammonium  (vide  par.  92  <5).  Triple 
phosphate  are  distinguished  from  bone 
earth  calculi  by  their  solubility  in  acetic 
acid. 

/3.  Oxalic  acid.  Some  of  the  ori- 
ginal calculus  powder  is  mixed  with  a 
drop  or  so  of  dilute  sulphuric  acid,  and 
a  little  finely  divided  peroxide  of  man- 
ganese added,  whereby  any  oxalic  acid 
is  at  once  oxidised  into  carbonic  acid, 
which  is  liberated  with  effervescence. 


7.  Uric  acid.  A  little  of  the 
original  calculus  powder,  placed  in  a 
watch-glass,  is  treated  with  a  drop  or  two  of  strong  nitric  acid 
in  which,  if  uric  acid  or  a  urate  be  present,  it  will  dissolve 
with  effervescence. ,  On  carefully  evaporating  to  complete  dry- 
ness  over  a  small  flame,  as  shown  in  fig.  67,  a  pinkish  residue 
is  left,  which,  when  cold,  is  to  be  moistened  with  a  drop  of 
ammonia,  whereby  murexide  will  be  produced  with  its  cha- 
racteristic crimson  colour,  convertible  into  violet  on  the  addition 
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of  a  little  caustic  potash.     Or  the  watch-glass  may  be  held  in 
the  fingers  as  a  precaution  against  using  too  strong  a  heat. 


(172.)  SYSTEMATIC  ANALYSIS. 

a.  Solution.  Some  of  the  powdered  calculus  is  boiled  for  a 
few  minutes  with  a  little  distilled  water  in  a  test  tube,  the  mix- 
ture thrown  upon  a  filter,  the  filtrate  collected  apart,  and  the 
residue  thoroughly  washed  with  boiling  water.  The  first  portion 
of  the  washings  may  be  reserved  for  use  on  an  emergency.  The 
filtrate  A  may  contain  urate  of  ammonium,  urate  of  sodium,  and 
urate  of  calcium. 

The  washed  residue  is  next  boiled  in  dilute  hydrochloric  acid, 
observation  being  made  as  to  whether  or  not  any  effervescence 
indicative  of  the  presence  of  carbonate  of  calcium  takes  place. 
The  acid  liquid  is  thrown  on  a  filter,  the  resulting  filtrate  B,  col- 
lected apart,  and  the  residue  therefrom,  if  any,  washed  with 
water.  The  acid  solution  B  may  contain  chloride  of  calcium 
from  the  decomposition  of  the  carbonate,  oxalate  of  calcium, 
cystine,  phosphate  of  calcium,  and  ammonio-phosphate  of  mag- 
nesium. The  residue  C  left  upon  the  filter  will  consist  of  uric 
acid. 

/3.  Aqueous  solution.  A  few  drops  of  the  solution  A 
are  evaporated  upon  a  glass  plate,  when,  should  a  mere  trace  only 
of  residue  be  left,  the  remainder  of  this  solution  may  be  disre- 
garded, and  the  calculus  considered  as  free  from  any  appreciable 
amount  of  alkaline  urates.  But  should  an  obvious  residue  be 
left,  about  one-fourth  part  of  the  solution  may  be  boiled  in  a  test 
tube  with  a  little  caustic  potash,  when  ammonia,  if  present, 
will  be  given  off  so  as  to  be  recognisable  by  its  odour  and  by  its 
reactions  with  test-paper  and  hydrochloric  acid  vapour,  &c.  The 
remainder  of  the  solution  is  reduced  to  a  very  small  bulk  by 
evaporation,  treated  with  strong  nitric  acid,  and  evaporated 
cautiously  to  dryness,  when  the  production  of  a  pinkish  residue, 
rendered  crimson  when  moistened  with  ammonia,  will  be  indica- 
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tive  of  uric  acid.  The  contents  of  the  capsule  are  next  in- 
cinerated, the  residue  treated  with  a  few  drops  of  water,  and  the 
liquid  divided  into  two  portions.  One  is  slightly  acidified  with 
acetic  acid  and  tested  with  a  drop  of  oxalate  of  ammonium,  when 
the  production  of  a  white  turbidity  will  indicate  the  presence  of 
calcium.  The  other  is  acidified  with  hydrochloric  acid  and 
evaporated  cautiously  to  dryness,  when  the  production  of  micro- 
scopic cubical  crystals  will  show  the  presence  of  s. odium. 

y.  Acid  solution.  By  means  of  dilute  ammonia,  the  solu- 
tion B  is  made  as  nearly  neutral  as  it  can  be,  without  having  its 
transparency  affected.  Acetate  of  ammonia  is  then  added,  the 
production  by  which  of  a  white  precipitate  will  indicate  the 
presence  of  oxalate  of  calcium,  or  cystine.  The  latter  body 
rarely  occurs  in  mixed  calculi,  and  could  be  readily  separated 
from  the  oxalate  by  treatment  with  ammonia  :  on  evaporating 
the  ammoniacal  solution,  it  would  be  deposited  in  the  form  of 
hexagonal  tablets.  To  the  clear  liquid,  if  no  precipitate  has 
formed,  or  otherwise  to  the  filtrate  therefrom,  oxalate  of  am- 
monium is  added  in  excess,  when  the  deposition  of  a  white 
precipitate  will  indicate  the  presence  of  calcium,  which  did  not 
previously  exist  in  the  state  of  an  oxalate.  Filtration  is  next 
performed,  if  necessary,  and  an  excess  of  ammonia  added  to  the 
clear  liquid,  when  the  production  of  a  white  crystalline  precipitate, 
after  stirring  for  a  little  while,  will  prove  the  presence  of 
phosphoric  acid  and  of  magnesium.  Should  there  be  no 
obvious  precipitate,  sulphate  of  magnesium  is  to  be  added,  when 
the  presence  of  phosphoric  acid  will  be  indicated  by  the 
formation,  after  brisk  stirring,  of  a  white  crystalline  precipitate. 

3.  Insoluble  residue.  The  residue  C  is  to  be  treated  with 
concentrated  nitric  acid,  and  the  whole  evaporated  to  dryness, 
whereby  a  pink  mass  will  be  left,  which  held  over  the  vapour  ot 
ammonia  will  become  crimson,  and  if  subsequently  moistened  with 
potash  will  become  purple,  reactions  characterising  uric  acid. 
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§  VII.— BLOOD. 
(173.)  COAGULATION. 

a.  Blood  as  existing  in  the  vessels  is  seen  to  consist  of  red 
corpuscles  floating  in  a  clear  liquid,  termed  the  liquor 
sanguinis.  When  removed  from  the  living  vessels  it  speedily 
separates  into  two  portions,  a  clear  yellow  liquid,  the  serum, 
and  a  solid  red  mass,  the  clot.  The  liquor  sanguinis  consists 
of  fibrin  and  serum  ;  the  clot,  of  fibrin  and  corpuscles,  as  seen  in 
the  following  diagram  : — 

f  Ll«UOK  SANGUINIS.  |  *"£ 
BLOOD,  i  '    ~ 

1  CORPUSCLES    i  ^,V  :'>.^  1   CLOT' 

Thus  the  chemical  investigation  of  the  blood  naturally  divides 
itself  into  separate  examinations  of  the  clot  and  serum. 

(3.  The  coagulation  of  blood  is  due  to  the  solidification  of 
fibrin,  which  entangles  in  its  meshes  the  corpuscles  and  a  con- 
siderable portion  of  the  serum,  so  as  to  form  a  firm  jelly-like 
mass.  While  the  blood  is  circulating  through  the  vessels  of  living 
animals,  the  fibrin  exists  in  a  state  of  perfect  solution.  The 
circumstances  which  determine  this  state  of  solution  are  not  well 
understood ;  but  intimate  contact  with  the  living  tissues  appears 
to  be  one  very  important  condition.  Out  of  the  body  the  fibrin 
speedily  solidifies,  the  coagulation,  which  is  accompanied  by  a 
slight  evolution  of  ammonia,  being  generally  complete  in  about 
ten  minutes'  time.  Variations  of  temperature,  movement,  and 
exposure  to  air,  modify  but  never  prevent  the  coagulation. 
Where  the  fibrin  exists  in  large  quantity,  the  coagulation  takes 
place  more  slowly,  but  the  coagulum  is  firmer  and  more  compact. 
When  blood  is  removed  from  persons  suffering  from  an  in- 
flammatory condition  of  system,  or  when  it  contains  an  excess  of 
fibrin,  or  a  deficiency  of  corpuscles,  or  when  it  is  collected  in  a 
deep  narrow  vessel,  or  when  its  coagulation  is  retarded  by  any 
means,  the  corpuscles  sinking  before  the  coagulation  is  complete, 
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exist  principally  in  the  lower  portion  of  the  clot,  while  the  tipper 
layer  consists  of  nearly  colourless  fibrin.  This  colourless  layer  is 
termed  the  huffy  coat ;  it  is  extremely  tenacious,  and  frequently 
by  its  slow  contraction  draws  up  the  edges  of  the  clot,  so  as  to 
form  a  cup-like  depression. 


(174.)  FIBRIN. 

a.  From  liquid  blood.  Fibrin  is  most  easily  procured 
from  this  source.  The  blood,  before  it  has  had  time  to  coagulate, 
is  rapidly  whipped  with  a  few  twigs  of  wood,  or  well  shaken  in  a 
bottle  with  two  or  three  irregular  pieces  of  lead.  In  this  way  the 
fibrin  separates  more  or  less  completely  from  the  corpuscles,  and 
adheres  to  the  twigs  or  pieces  of  lead  in  the  form  of  loose  fibrous 
masses.  These  are  to  be  well  washed  with  water,  and  also  with 
ether,  when  it  is  desired  to  remove  the  adherent  fat. 

/3.  From  the  clot.  The  preparation  of  fibrin  from 
coagulated  blood  is  rather  more  tedious.  The  clot  should  be 
placed  upon  a  cloth,  thoroughly  broken  up  by  the  hand,  and 
washed  under  a  stream  of  water ;  when,  by  alternate  washing 
and  kneading,  the  serum  and  colouring  matter  of  the  clot  will 
pass  through  the  cloth,  and  a  residue  of  tolerably  white  fibrin  be 
left  thereon. 

y.  Properties  of  fibrin.  Fibrin  possesses  all  the 
chemical  properties  of  coagulated  albumen  (vide  par.  176  y). 
When  examined  microscopically  it  is  seen  to  differ  from  coagu- 
lated albumen  in  manifesting  an  organised  structure,  though  of 
the  lowest  type,  viz.,  the  simply  fibrous.  This  fibrillated  arrange- 
ment is  best  seen  in  the  buffy  layer  of  inflammatory  blood. 
When  moist  fibrin,  especially  that  obtained  from  the  clot,  is 
covered  with  water  rendered  faintly  alkaline  by  soda,  and  left  at 
rest  for  some  days  in  a  tolerably  warm  .situation,  the  greater  part 
of  it  dissolves,  and  albumen  may  be  detected  in  the  filtered  liquid 
by  the  action  of  heat  and  nitric  acid.  Fibrin  constitutes  about 
0*25  per  cent,  of  normal  blood. 
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Fig.  68. 


(175.)  CORPUSCLES. 

a.  Their  appearance.  When  a  drop  of  uncoagulated 
blood,  or  a  drop  of  the  deep  red-coloured  serum  squeezed  out  of 
the  clot,  is  examined  under  a  good  quarter-inch  object  glass 
with  a  high  eye-piece,  the  field  of  the  microscope  is  seen  covered 
with  minute  coloured  cells,  of  uni- 
form size,  circular  outline,  and  non- 
granular  structure,  as  shown  in 
fig.  68.  According  to  the  focussing 
the  edges  will  appear  dark  and  the 
centre  transparent,  or  vice  versd. 
Some  of  the  globules  may  be  seen 
lying  upon  their  edges,  some  of  them 
adhering  to  one  another  by  their 
flat  surfaces,  forming  rouleaus.  In 
the  case  of  the  previously  uncoagu- 
lated blood,  a  delicate  net- work  of 
fibrin  will  speedily  appear.  Blood  corpuscles  appear  to  consist 
of  a  transparent  membrane  containing  a  red-coloured  fluid.  The 
phenomena  of  osmose  may  be  readily  seen  under  the  microscope : 
thus  if  a  concentrated  solution  of  sulphate  of  sodium  be  added, 
the  corpuscles  become  distorted,  their  edges  uneven,  and  their 
dark  centres  more  prominent ;  if,  however,  water  be  added,  the 
corpuscles  swell  up,  their  dark  centres  and  defined  margins 
gradually  disappear,  and  finally  the  cells  burst  with  discharge  of 
their  contents. 

In  addition  to  the  above- described  red  corpuscles,  there  may 
generally  be  seen  a  few  of  the  colourless  or  lymph  corpuscles. 
In  healthy  blood,  these  exist  in  a  variable  but  very  small  propor- 
tion compared  with  the  red,  than  which  they  are  rather  larger 
in  size,  and  less  uniform  in  outline.  Moreover,  they  manifest 
a  faintly  granular  structure. 

/3.  Their  separation.  If  blood  as  it  is  flowing  be 
received  into  a  saturated  solution  of  sulphate  of  sodium,  all 
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coagulation  will  be  prevented,  and  by  repose  the  corpuscles  will 
form  a  bright  scarlet  layer  at  the  bottom  of  the  vessel.  The 
supernatant  fluid  may  be  poured  off,  and  the  sediment  collected 
in  a  filter,  and  washed  with  a  solution  of  sulphate  of  sodium.  Or 
the  red  liquor,  from  which  the  fibrin  has  been  removed  by  agita- 
tion, may  be  allowed  to  subside ;  or  the  clot  may  be  broken  up, 
well  shaken  with  the  serum,  and  the  red  fluid  so  formed  be 
allowed  to  subside.  From  either  of  these  fluids  a  gradual  but 
incomplete  deposition  of  the  corpuscles  will  take  place.  The 
supernatant  serum  may  then  be  poured  away,  and  replaced  by  a 
solution  of  sulphate  of  sodium,  when  the  corpuscles  will  behave 
as  in  the  first  instance,  and  may  be  collected  upon  a  filter  and 
washed  with  sulphate  of  sodium  as  before. 

y.  Red  colouring  matter.  Haematosine,  or  the  red 
colouring  matter  of  blood,  is  remarkable  for  the  amount  of  iron 
which  it  contains.  The  ash  of  blood  corpuscles  yields  fully  30 
per  cent,  of  peroxide  of  iron.  The  presence  of  iron  in  any  of  the 
other  tissues  or  fluids,  with  the  exception  of  the  chyle,  appears  to 
be  due  to  an  admixture  of  blood.  It  is  possible  indeed  to  obtain 
a  modified  hsematosine  free  from  iron ;  but  no  inference  can 
be  drawn  from  the  experiment.  The  chemical  reactions  of  the 
colouring  matter  may  be  recognised  by  throwing  the  corpuscles, 
well  washed  with  sulphate  of  sodium  and  drained,  into  a  consider- 
able excess  of  cold  water,  when  the  cell  walls  burst  by  endosmosis, 
and  the  coloured  contents  of  the  cells  dissolve  in  the  water,  form- 
ing a  deep-red  solution,  which  by  filtration  may  be  made  per- 
fectly bright.  This  red  colouring  matter  is  unaffected  by 
ammonia,  and  is  entirely  destroyed  by  ebullition,  with  the  for- 
mation of  a  dirty-coloured  coagulum,  which  dissolves  in  caustic 
potash  with  an  indistinct  greenish  colour. 

3.  Hsematocrystallin,  or  blood  crystals.  The  forma- 
tion of  these  crystals  was  first  discovered  by  Dr.  Otto  Funke, 
of  Leipsic.  It  appears  that  by  the  bursting  of  the  red  cor- 
puscles as  above  described  an  aqueous  solution  of  their  con- 
tents is  obtained,  which  by  very  slow  evaporation  yields  crystals 
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having  very  definite  forms.  The  blood  of  some  of  the  lower 
animals,  particularly  of  the  rodents,  yields  these  crystals  with 
great  facility,  but  their  production  from  human  blood  is  always 
an  uncertain  operation.  A  drop  or  so  of  the  deeply  coloured 
liquid  from  a  portion  of  clot  a  day  or  two  old,  may  be  squeezed 
on  to  a  glass  slide  and  diluted  with  less  than  its  own  bulk  of 
proof  spirit.  Upon  covering  the  whole  loosely  with  a  piece  of 
microscopic  glass  and  setting  it  aside  in  a  light  but  not  too  warm 
situation,  flattened,  prismatic  red-coloured  crystals  will  some- 
times make  their  appearance  in  the  course  of  a  few  hours. 

(176.)  BLOOD  STAINS. 

These  occasionally  form  important  objects  of  medico-legal 
enquiry.  The  chemical  evidence  has  reference  to  the  colouring 
matter  of  the  blood ;  the  microscopical  to  the  form  of  the  globules, 
and  the  production  of  hsemine  crystals.  Kecent  blood  stains 
are  of  a  bright  red  colour ;  older  stains  of  a  reddish  brown : 
when  on  linen  or  other  stuffs,  the  fibre  becomes  more  or  less 
stiffened. 

a.  Reactions  of  colour.  Supposing  the  stain  to  be  on 
some  stuff,  a  strip  of  the  stained  portion  is  cut  off,  and  suspended 
by  means  of  a  thread  in  a  test  tube  containing  a  little  distilled 
water.  Gradually,  streaks  of  colouring  matter  will  be  seen 
descending  from  the  stuff  to  the  bottom  of  the  tube,  and  there 
forming  a  layer,  of  a  deep-red  if  the  stain  be  recent,  or  a  reddish- 
brown  colour  if  the  stain  be  of  an  older  date.  If  necessary, 
several  of  the  stained  strips  may  be  thus  successively  treated  in 
the  same  portion  of  water,  until  a  sufficiently  dark  solution  is 
obtained.  Stains  on  knives  and  other  articles  are  likewise  to  be 
treated  with  cold  water,  so  as  to  obtain  a  solution  of  the  colouring 
matter.  To  this  red  or  reddish-brown  solution  a  little  dilute 
ammonia  is  added,  whereby  the  colour  will  be  unaltered  or  simply 
brightened,  but  not  changed  to  a  green  or  crimson.  When  the 
solution  of  the  colouring  matter  is  boiled,  its  colour  is  entirely 
destroyed,  and  a  dirty  brown  precipitate  produced.  Every  stain 
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forming  a  reddish  solution  with  cold  water,  which  is  unaffected' 
by  dilute  ammonia,  but  has  its  colour  destroyed  by  ebullition, 
with  the  formation  of  a  precipitate,  is  due  to  blood. 

/3.  Form  of  the  corpuscles.  A  little  of  the  stained 
fibre,  or,  if  possible,  a  little  of  the  dried  stain  scraped  away  from 
the  article  under  examination,  is  placed  upon  a  glass  slide  and 
moistened  with  a  solution  of  sugar  (syrup  diluted  with  about 
twice  its  bulk  of  water)  or  of  pure  glycerine  reduced  to  the 
sp.  gr.  of  1028.  After  some  time  a  red  coloured  liquid  will  be 
obtained,  which  may  be  covered  with  apiece  of  microscopic  glass, 
and  examined  by  a  good  quarter-inch  object-glass.  Should  the 
stain  be  due  to  blood,  the  corpuscles,  with  their  characteristic 
appearances,  may  in  this  way  be  readily  detected.  In  the  event 
of  their  appearing  shrivelled,  the  addition  of  a  drop  or  two  of 
water  will  cause  them  to  expand. 

y.  Hsemine  crystals.  The  dry  blood  stain  is  extracted  with  a 
little  glacial  acetic  acid,  and  the  resulting  liquid  evaporated  at  a 

very  gentle  heat.  In  the  event  of  no 
crystals  being  thus  obtained,  a  mi- 
nute quantity  of  common  salt  maybe 
added  to  the  dry  residue,  and  the 
moistening  with  glacial  acetic  acid 
and  gentle  evaporation  repeated.  In 
some  cases  the  moistening  with  acid 
has  to  be  performed  a  third  time, 
before  the  characteristic  dark- 
coloured  rhombic  crystals,  often  ar- 
ranged in  stellate  groups,  as  shown 
in  fig.  69,  make  their  appearance. 
The  formation  of  the  crystals  seems  to  be  facilitated  by  moistening 
the  residue  with  water  and  evaporating  therewith,  after  each 
evaporation  with  acetic  acid. 

(177.)  SERUM. 

a.  General  characters.  The  serum  is  a  pale  yellow, 
transparent,  somewhat  viscid  fluid,  having  a  specific  gravity  of 
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about  1030,  while  that  of  blood  averages  about  1055.  It  has  a 
faintly  alkaline  reaction,  and  consists  of  water  holding  in  solution 
albumen,  fat,  certain  ill-defined  extractive  matters,  and  the  inor- 
ganic salts.  When  serum  is  evaporated  to  dryness  in  a  water- 
bath,  its  aqueous  portion  is  driven  off,  and  a  hard,  nearly 
transparent,  horny  residue  left  behind.  Water  constitutes  about 
80  per  cent,  of  normal  blood. 

/3.  Separation  of  albumen.  For  this  purpose,  either 
of  the  following  methods  may  be  adopted  : — a.  The  serum  is  put 
into  a  small  capsule,  an  equal  bulk  of  coarsely  powdered  crystals 
of  sulphate  of  sodium  added  to  it,  and  the  whole  boiled  until 
complete  coagulation  takes  place,  when,  on  filtering  the  boiling 
liquid,  a  perfectly  clear  and  nearly  colourless  solution,  quite  free 
from  albumen,  will  rapidly  pass  through.  This  method  is  equally 
applicable  to  serum  containing  any  amount  of  colouring  matter, 
and  even  to  the  broken-up  clot  itself,  b.  The  serum  is  made 
neutral  or  very  faintly  acid  with  acetic  acid,  boiled  and  filtered. 
By  this  means  the  whole  of  the  albumen  will  coagulate  in  flakes 
and  remain  on  the  filtering  paper,  while  a  clear  liquid,  termed  the 
serosity,  will  pass  through.  The  precipitate  of  albumen  is  to 
be  washed  with  hot  water,  and  dried  in  a  water-bath ;  moreover, 
a  minute  amount  of  earthy  salts  may  be  removed  from  it  by  boil- 
ing dilute  hydrochloric  acid,  as  also  a  small  proportion  of  fat  by 
boiling  alcohol. 

y.  Properties  of  albumen.  Albumen,  as  it  exists  in 
the  blood  and  other  animal  fluids,  is  in  a  state  of  solution,  but  is 
capable  of  being  coagulated  by  heat.  The  temperature  at  which 
coagulation  takes  place  varies  with  the  alkalinity  of  the  fluid,  and 
with  the  amount  of  albumen  present.  Serum  of  blood  coagulates 
at  the  temperature  of  about  160°  Fahr.  Albumen  once  coagulated 
cannot  again  be  obtained  in  the  form  of  a  solution  coagulable  by 
heat.  Normal  blood  contains  on  the  average  about  7  per  cent,  of 
dissolved  albumen.  Fibrin  and  coagulated  albumen  agree  in  the 
following  characters :  they  are  insoluble  in  water,  alcohol,  and 
ether ;  but  are  soluble  in  potash,  from  which  solution  they  are 
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reprecipitated  by  neutralisation  with  an  acid.  If  to  the  potash 
solution  acetic  acid  be  freely  added,  the  albumen  will  be  at  first 
precipitated,  but  subsequently  redissolved  in  the  excess  of  acid. 
Moreover,  coagulated  albumen  and  fibrin  are  soluble,  though 
with  difficulty,  in  acetic  acid.  Albumen  and  fibrin  dissolve  in 
boiling  hydrochloric  acid,  forming  deep  purple  solutions. 

When  albumen  or  fibrin  is  heated  upon  platinum  foil,  a  minute 
white  ash,  consisting  principally  of  phosphate  of  calcium,  remains. 
This  proportion  of  earthy  phosphate  appears  to  be  an  integral 
constituent  of  the  albuminous  principles.  If  dried  albumen  or 
fibrin  be  heated  in  a  reduction  tube,  into  the  mouth  of  which  there 
have  been  inserted  a  piece  of  red  litmus  and  a  piece  of  lead 
paper,  the  red  litmus  will  become  blue  and  the  lead  paper  black, 
reactions  indicating  respectively  the  presence  of  nitrogen  and 
sulphur. 

<L  Fat  of  blood.  The  condition  in  which  fat  exists  in  the 
serum  is  not  well  understood.  Some  portion  of  it  is  precipitated 
with  the  albumen,  the  remainder  being  dissolved  in  the  serosity. 
As  a  rule,  serum  is  perfectly  bright,  and  fat  globules  cannot  be 
detected  in  it  by  microscopical  examination  ;  yet  the  fat  being 
soluble  in  ether,  does  not  appear  to  be  saponified.  In  order  to 
extract  the  fat,  the  dried  residue  left  by  the  evaporation  of  serum 
upon  a  water-bath  is  pulverised,  and  the  powder  agitated  for 
some  time,  with  three  or  four  times  its  bulk  of  ether  ;  the  whole 
is  allowed  to  subside,  and  after  some  hours  the  ether  poured  off 
and  evaporated  to  dryness  on  a  water-bath,  when  a  small  quantity 
of  a  yellow  semi-solid  fat  will  be  left.  This  may  be  treated  with 
cold  alcohol,  when  a  crystalline  fat  will  be  dissolved  and  an  oily 
fat  be  left  unacted  upon. 

e.  Extractives  and  salts.  The  serosity  consists  of  an 
aqueous  solution  of  certain  ill- defined  organic  compounds,  known 
as  extractives,  and  of  the  usual  alkaline  salts.  All  the  organic 
constituents  of  the  serum,  with  the  exception  of  the  albumen  and 
fat,  receive  the  name  of  extractives.  If  the  serosity  be  carefully 
evaporated  almost  to  dryness,  very  beautiful  cubes  of  common  salt 
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crystallise  out.  Moreover,  sulphuric  and  phosphoric  acids  can 
readily  be  detected ;  the  former  by  the  production  of  a  white 
precipitate  with  nitrate  of  barium  and  nitric  acid ;  the  latter  by 
the  addition  of  sulphate  of  magnesium,  ammonia,  and  chloride  ot 
ammonium,  when  on  stirring  a  white  crystalline  precipitate  is 
thrown  down.  If  the  serosity  be  evaporated  to  dryness,  and 
ignited,  a  white  fusible  ash  will  remain,  which  may  be  examined 
according  to  the  directions  for  the  analysis  of  animal  ashes,  and 
will  be  found  to  contain  chlorine,  carbonic,  phosphoric,  and  sul- 
phuric acids,  with  sodium,  potassium,  and  traces  of  calcium. 

£.  Serum  containing  urea.  It  is  probable  that  the 
blood  always  contains  minute  traces  of  urea ;  while  in  certain 
forms  of  disease,  particularly  in  Bright's  disease,  its  amount 
becomes  very  sensible.  In  order  to  detect  it,  the  albumen  is 
removed  from  the  serum  by  either  of  the  methods  described  in 
par.  /3,  and  the  serosity  evaporated  carefully  to  dryness.  If  the  pro- 
cess b  be  adopted,  and  the  chloride  of  sodium  in  the  dried  residue 
be  seen  to  crystallise  in  well-marked  octahedrons  instead  of  cubes, 
the  presence  of  urea  is  tolerably  certain.  In  any  case  the  dry 
residue  is  warmed  with  a  little  strong  alcohol  and  filtered,  the  alco- 
holic filtrate  evaporated  to  dryness,  the  residue  dissolved  in  a  very 
small  quantity  of  distilled  water,  and  the  aqueous  solution  filtered 
and  concentrated  in  a  watch-glass.  To  the  cold  concentrated 
liquid,  an  equal  bulk  of  cold  colourless  nitric  acid  is  next  added, 
when,  if  urea  be  present,  a  crystalline  deposit  of  nitrate  of  urea 
will  be  produced,  which  can  be  examined  microscopically.  The 
production  of  a  crystalline  deposit  on  the  addition  of  nitric  acid  is 
in  itself  almost  conclusive  as  to  the  presence  of  urea. 

»/.  Serum  containing  bile.  In  jaundice,  the  serum 
of  the  blood  is  of  a  much  darker  yellow  colour  than  usual,  owing 
to  the  presence  of  biliary  colouring  matter,  which  may  be  identi- 
fied by  adding  to  the  serum  a  little  nitric  acid,  when  the  albumen 
will  be  precipitated  of  a  bluish  or  greenish  colour  :  or  some  of  the 
serum,  just  neutralised  with  acetic  acid,  may  be  precipitated  with 
excess  of  alcohol,  the  alcoholic  solution  evaporated  to  a  small  bulk 
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in  a  water-bath,  and  residue  examined  by  Pettenkofer's  test,  and 
by  the  nitric  acid  test  (par.  153  /3). 

6.  Serum  containing  sugar.  Sugar  exists  abundantly 
in  the  blood,  in  cases  of  diabetes.  Eecent  researches  have  more- 
over shown  that  the  post-mortem  blood  of  the  inferior  cava,  and  of 
the  right  side  of  the  heart,  habitually  contains  sugar  in  very  defi- 
nite amount.  In  order  to  detect  it,  the  albumen  of  the  blood 
must  be  removed  by  means  of  sulphate  of  sodium,  as  in  par. 
177/3,  and  to  the  clear  filtrate  a  drop  or  two  of  a  solution  of 
sulphate  of  copper,  and  then  an  excess  of  caustic  potash  be  added, 
whereby  a  deep  blue-coloured  liquid  will  be  produced,  which,  on 
the  application  of  heat,  will  deposit  a  red  or  orange-yellow  coloured 
precipitate  of  suboxide  of  copper.  The  alkaline  solution  of  tar- 
trate  of  copper  described  in  par.  162  3.  may  be  conveniently 
substituted  for  the  mixture  of  sulphate  of  copper  and  caustic 
potash. 

§  VIII.— MISCELLANEOUS  ANIMAL  PKODUCTS. 
(178.)  BILE. 

a.  Composition.  Human  bile  contains  the  sodium  salt  of 
a  peculiar  acid  known  as  glycocholic  acid,  having  a  similar  con- 
stitution to  the  glycobenzoic  or  hippuric  acid  found  in  urine.  It 
also  contains  in  small  quantity  the  sodium  salt  of  taurocholic 
acid.  These  glycocholates  and  taurocholates,  when  boiled  with 
dilute  hydrochloric  acid,  absorb  water,  and  break  up  into  cholic 
acid  and  glycocine  and  taurine  respectively,  thus : — 

Glycocholic,  C36H43N06     +  H^O  =  C24H4005  +  C2H5NOs 
Taurocholic,  Ca6H45N03S  +  H,0  =  C24H4005  +  C4H7N03S 

The  bile  also  contains  water,  mucus,  cholesterine,  fat  and 
colouring  matter,  the  reactions  of  which  last  have  been  described 
under  the  head  of  biliary  urine  (par.  153). 

/3.  Detection  of  cholic  acid.  This  is  effected  by 
Pettenkofer's  test,  which  is  performed  in  the  following  manner  : 
To  a  little  diluted  bile,  or  any  liquid  containing  bile,  rather  more 
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than  half  its  bulk  of  strong  sulphuric  acid  is  added  very  gradu- 
ally, the  tube  in  which  the  mixture  is  made  being  kept  cool  by 
immersion  in  water.  A  minute  quantity  of  powdered  white 
sugar,  or  its  equivalent  of  syrup,  is  then  introduced,  the  liquid 
well  agitated  and  mixed  with  more  sulphuric  acid.  By  this 
means  the  temperature  is  gradually  raised  to  the  requisite  point, 
when  a  deep  purplish-crimson  colour  makes  its  appearance.  Very 
minute  quantities  of  bile  may  be  detected  by  evaporating  any 
suspected  liquid  with  a  drop  of  sulphuric  acid  and  a  decigrain  of 
sugar  in  a  water-bath. 

y.  Biliary  calculi.  Concretions  of  variable  appearance 
are  occasionally  formed  in  the  gall-bladder,  sometimes  in  very 
considerable  numbers.  When  numerous,  they  are  of  about  the 
size  of  peas,  and  have  an  irregular  angular  shape,  with  flattened 
sides.  When  solitary,  they  are  usually  of  larger  bulk  and  of  an 
oval  form.  They  have  a  soapy  feel,  a  fawn-yellow  colour,  and 
are  easily  crushed  by  pressure.  They  consist  principally  of  choles- 
terine and  an  insoluble  combination  of  bile  pigment  with  lime. 
When  rich  in  cholesterine,  they 
float  upon  water.  To  detect  cho- 
lesterine, the  powdered  calculus  is 
boiled  in  alcohol,  and  the  solution 
filtered,  when,  on  cooling,  colour- 
less transparent  plates  crystallise 
out  of  the  yellow  liquid.  These 
crystals,  when  examined  microsco- 
pically, are  seen  to  consist  of  deli- 
cate, nearly  square,  rhombic  plates, 
superimposed  one  upon  the  other 
as  shown  in  fig.  70.  Cholesterine 
CtfH^O,  is  soluble  in  ether  and  hot  alcohol,  very  slightly  soluble 
in  cold  alcohol,  not  at  all  soluble  in  water.  It  seems  to  be  a 
species  of  solid  alcohol. 
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(i79-)  MILK. 

This  secretion  consists  of  water  holding  in  solution  casein, 
1  a  c  t  i  n  e,  and  salts,  and  holding  in  suspension  an  abundance  of 

fat  globules,  to  the  presence  of 
which  the  opaque  white  appearance 
of  milk  is  due.  Normal  milk  has 
an  alkaline  reaction  to  test  paper. 
The  specific  gravity  of  human  milk 
averages  about  1030. 

a.  Fat  globules.  These  may 
be  easily  recognised  under  the  mi- 
croscope :  they  are  of  various  sizes, 
andhave  well-defined  dark  margins, 
as  shown  in  fig.  7 1 .  They  appear 
to  be  surrounded  by  delicate  cell- 
membranes,  as  they  cannot  be  made  to  unite  by  pressure  until 
after  the  addition  of  a  little  acetic  acid.  The  milk  secreted  soon 
after  delivery  contains  large,  granular,  fatty  corpuscles,  known  as 
colostrum  corpuscles.  In  milk  abscess  &c.,  pus  and  blood  globules 
may  be  occasionally  detected. 

ft.  Casein.  When  ordinary  or  skimmed  milk  is  evaporated, 
a  scum  forms  on  its  surface,  which,  if  removed,  is  soon  replaced 
by  a  fresh  one,  and  so  on  repeatedly.  This  property  of  forming 
a  scum  on  evaporation  was  formerly  considered  peculiar  to  fluids 
containing  casein.  Casein  differs  from  the  other  albuminous 
bodies  in  being  coagulable  not  by  heat,  but  by  the  addition  of  a 
little  very  dilute  acid,  or  by  contact  with  decomposing  animal 
membrane.  Cheese  is  casein  which  has  been  precipitated  by 
rennet,  the  dried  decomposing  lining  membrane  of  the  stomach 
of  the  calf.  When  skimmed  milk  is  rendered  slightly  acid  with 
acetic  acid,  and  gently  warmed,  the  casein  coagulates,  and  may  be 
collected  on  a  filter,  washed  with  hot  water,  and  subsequently 
with  hot  alcohol :  it  manifests  all  the  usual  properties  of  the 
albuminous  bodies. 
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y.  L  a  c  t  i  n  e.  Sugar  of  milk,  or  lactine,  may  be  readily 
detected  in  whey  which  has  been  separated  by  nitration  from  the 
coagulated  casein.  On  adding  a  drop  or  two  of  sulphate  of 
copper,  and  then  an  excess  of  potash,  a  red  precipitate  of  sub- 
oxide  of  copper  will  be  produced  on  boiling  the  mixture.  Sugar 
of  milk  may  be  obtained  crystalline  by  careful  evaporation  of 
the  whey.  It  does  not  readily  undergo  the  alcoholic  fermenta- 
tion ;  but  by  the  action  of  putrefying  curd  becomes  rapidly  con- 
verted into  lactic  acid. 

5.  Mineral  salts.  The  ash  of  milk  contains  the  same 
constituents  as  most  animal  ashes  ;  the  relative  proportion  of 
earthy  phosphates  is  very  large,  and  potassium  exists  in  it  to  a 
greater  extent  than  sodium. 

(180.)  BONE. 

Bone  consists  principally  of  phosphate  of  calcium,  deposited 
in  an  animal  basis.  When  bone  is  soaked  for  some  time  in 
dilute  hydrochloric  acid,  its  earthy  matter  is  dissolved  out,  and  a 
flexible  elastic  mass,  having  the  exact  form  of  the  original  bone, 
is  left  unacted  upon.  This  residue  consists  of  gelatine,  which  by 
long  boiling  dissolves  in  water,  forming  a  solution  that  gelatinises 
on  cooling.  The  solution  is  precipitated  by  tannic  acid,  but  not 
by  acetic  acid  or  by  ferrocyanide  of  potassium.  Pure  gelatine  does 
not  contain  sulphur.  By  the  incineration  of  bone,  its  animal 
matter  is  burnt  off,  and  a  brittle,  white,  earthy  residue,  having 
the  exact  form  of  the  original  bone,  remains.  This  earthy  resi- 
due consists  principally  of  phosphate  of  calcium,  with  a  little 
carbonate  of  calcium  and  phosphate  of  magnesium,  also  minute 
quantities  of  fluoride  of  calcium  ;  which  latter  substance  may  be 
detected  more  readily,  however,  in  fossil  bones. 
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table  of,  83 

Baths,  sand,  33 

—  water,  34 
Beads,  borax,  60 
Benzoates,  reactions  of,  135 
Biliary  calculi,  224 

—  urine,  199 
Bile,  224 

—  from  blood,  223 
Binary  acids,  6 
Bink's  burette,  45 
Bismuth,  reactions  of,  113 

—  solutions,  72 

Blood,  albumen  from,  220 

—  bile  in,  223 

—  coagulation  of,  215 

—  colouring  matter  of,  218 

—  composition  of,  215 

—  corpuscles,  217 

—  crystals,  218 

—  extractives  and  salts  of,  222 

—  fat  of,  222 

—  fibrin  from,  216 

—  in  urine,  205 

—  serum  from,  220 

—  stains,  reactions  of,  219 

—  sugar  in,  224 

—  urea  in,  222 
Blowing  glass  bulbs,  21 
Blowpipe,  Black's,  16 

—  brazier's,  1 6 

—  examination,  53 

—  flame,  colouration  of,  56 

—  flames,  17 

—  Herapath's  gas,  1 5 

—  incrustations,  59 

—  the  use  of,  17 
Bone,  226 

Borates,  reaction  of,  135 
Borax  beads,  60 
Boring  corks,  23 


Bottle,  drop,  24 
—  wash,  25 

Bromides,  reactions  of,  131 
Bulbs,  blowing,  21 
Burette,  Bink's,  45 
Burners,  charcoal,  14 
—gas,  14 

CADMIUM,  reactions  of,  117 
\J     Calcium,  chloride  of,  as  a  re- 
agent, 198 

—  oxalate  of,  urinary  deposit  of,  202 
calculus,  209 

—  reactions  of,  124 
Calculi,  action  of  heat  on,  209 

—  analysis  (systematic)  of,  213 

—  biliary,  225 

—  construction  of,  207 

—  cystine,  209 

—  earthy  phosphate,  208 
reactions  of,  212 

—  examination  of,  210 

—  ignition  of,  210 

—  mulberry,  208 

—  oxalate  of  calcium,  209 
• reactions  of,  212 

—  pulverising,  210 

—  solution  of,  213 

—  tests,  special  for,  211 

—  uric,  acid,  208 

reactions  of,  212 

Carbonates,  reactions  of,  119 
Casein,  226 

Charcoal  burners,  13 
Chemical  equations,  6 

—  formulae,  5 

—  urinary  deposits,  201 
Chlorates,  reactions  of,  127 
Chlorides,  formulse  of,  4 

—  reactions  of,  130 
Cholic  acid,  224 
Chromates,  reactions  of,  126 
Chromium,  reactions  of,  122 
Chylous  urine,  200 
Cleaning-glass  apparatus,  39 
Cobalt,  nitrate  of,  ignitions  with,  57 

—  reactions  of,  1 1 8 
Colouring-matter  of  blood,  218 
Combining  proportions,  I 
Complex  salts,  9 
Condenser,  Liebig's,  38 
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Connections  of  apparatus,  22 
Copper,  reactions  of,  116,  155 

—  solutions,  73 

—  toxicology  of,  155 

—  dissolved,  155 

—  in  organic  mixtures,  156 

Corks,  boring,  23 

Corpuscles,  blood,  217 

Corrosive   sublimate,   reactions    of, 

149 
toxicology  of,  149 

—  solid,  149 

— dissolved,  150 

crystals  of,  150 

in  organic  mixtures,  152 

Counterpoises,  46 
Crucibles,  heating,  34 
Crystals,  blood,  218 

—  hsemine,  220 
Cyanides,  reactions  of,  132 
Cystine,  203 

—  calculi,  209 


DASH'D  SYMBOLS,  5 
Decantation,  32 
Decimal  weights,  46 
Deposits,  urinary,  200 

—  • —  chemical,  201 

organised,  203 

Desiccation,  39,  46 
Dibasic  acids,  6 
Distillation,  37 
Drop-bottle,  24 
Drying  apparatus,  39 

—  precipitates,  40 


T7AKTHY  SALTS,  reactions  of,  105 

JJ     Ebullition,  35 

Elementary  bodies,  I 

Elements,  table  of,  3 

Equations,  chemical,  6 

Equivalents,  i 

Evaporation,  35 


FAT  of  blood,  222 
Fatty  urine,  199 
Ferric  salts,  reactions  of,  120 
Ferrous  salts,  reactions  of,  120 


Fibrin,  216 
Filters,  double,  30 
Filters,  making,  29 

—  plain,  30 

—  ribbed,  29 
Filtration,  28 
Flame,  blowpipe,  17 

colouration  of,  56 

oxidising,  1 7 

reducing,  17 

Flasks,  measure,  43 

—  specific  gravity,  48 
Fluorides,  reactions  of,  136 
Formulae,  chemical,  5 

—  of  chlorides,  4 

—  of  hydrides,  3 

—  of  salts,  rational,  10 
Funnel  tubes,  26 
Fusible  salts,  56 
Fusions,  41 


/~1  ALLON,  decimal  division  of,  43 
\JT     Gas  blowpipe,  Herapath's,  15 

—  burners,  14 

—  evolving  tubes,  27 

—  washing  tubes,  27 
Glass  bending,  19 

—  tube  and  rod,  cutting,  18 

—  vessels,  heating,  3  5 

—  working,  1 8 
Graduated  measures,  44 

—  pipettes,  44 
Gravity,  specific,  47 

H^MATO-CKYSTALLINE,  218 
Hsemine  crystals,  220 
Heat,  action  of,  on  calculi,  209 
Heating  glass  vessels,  35 

—  crucibles,  34 
Hippuric  acid,  192 
Hydracids,  7 
Hydrides,  formulae  of,  3 
Hydrochloric  acid,  as  a  precipitant, 

65 

reactions  of,  144 

toxicology  of,  144 

concentrated,  144 

diluted,  145 

in  organic  mixtures,  146 
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HYD 


PLA 


Hydrofluosilicic  acid  as   a  reagent, 

85 
Hydrometer,  49 


TGNITIONS,  41 

JL     —  with  nitrate,  of  cobalt,  57 

Incrustations,  blowpipe,  59 

Infusible  salts,  57 

Insoluble  compounds,  in  acids,  102 

—  oxalates,  149 
Iodides,  reactions  of,  131 

Iron,  perchloride  of,  as  a  reagent,  TOO 

—  reactions  of,  120 


"ACKET  STANDS,  33 


T7IESTEIN  UKINE,  200 

A 

T  ACTINE,  226 

JLJ     Lead  solutions,  72 

—  reactions  of,  115,  133 

—  toxicology  of,  153 

solid,  153 

dissolved,  154 

in  organic  mixtures,  1 54 

Liebig's  condenser,  38 

Liquids,  analysis  of,  109 
—  specific  gravity  of,  48 
Lithates,  urinary  deposits  of,  201 
Lutes,  24 


MAGNESIUM,  reactions  of,  124 
Manganese,  reactions  of,  119 
Marsh's  antimony  test,  171 

—  arsenic  test,  161 

original  process,  1 62 

— • modified  process,  1 64 

Measure  flasks,  44 
Measures,  graduated,  45 
Measuring,  44. 

Mercuric  salts,  reactions  of,  115 
Mercurous  salts,  reactions  of,  115 
Mercury,   dichloride   of,   toxicology 
of,  149 

—  reactions  of,  114 

—  solutions,  72 


Milk,  226 

—  casein  of,  226 

—  fat  globules  of,  226 

—  lactine  of,  226 

—  mineral  salts  of,  226 
Molecular  weights,  2 
Monobasic  acids,  7 
Morphia  in  solution,  1 80 

—  toxicology  of,  179 
Mucus  from  urine,  204 
Mulberry  calculus,  208 
Multequivalent  salts,  8 


"VTEUTKALISATION,  74 
JLl      Nickel,  reactions  of,  1 1 8 
Nitrates,  reactions  of,  127,  143 
Nitric  acid,  toxicology  of,  142 

concentrated,  142 

diluted,  143 

— in  organic  mixtures,  144 

Notation,  symbolic,  5 


OPIATE  LIQUIDS,  180 
Organic  constituents,  ultimate, 

184 

Oxacids,  6 
Oxalate  of  calcium,  urinary  deposit 

of,  202 

Oxalates,  reactions  of,  133 
—  insoluble,  105,  149 
Oxalic  acid,  reactions  of,  147,  212 

toxicology  of,  147 

dissolved,  147 

in  organic  mixtures,  148 

insoluble  form,  149 

solid,  147 

Oxides,  reactions  of,  106 
Oxidising  blowpipe  flame,  1 6 


PASTILLES,  1 8 

JL      Phosphates,  reactions  of,  132 

—  earthy,  urinary  deposits  of,  201 
Pipettes,  delivery,  44 

—  graduated,  45 

—  making,  22 

Platinum,   perchloride  of,  as  a  re- 
agent, 86 
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POT 


EEA 


Potash,  as  a  reagent,  71,  78 

—  solutions,  8 1 

Potassium,  sulphate  of,  as  a  reagent, 

84 

Powders,  specific  gravity  of,  5 1 
Precipitant,   carbonate    of    ammo- 
nium as  a,  83 

—  hydrochloric  acid  as  a,  65 

—  sulphide  of  ammonium  as  a,  73 

—  sulphuretted  hydrogen  as  a,  69 
Precipitates,  aspects  of,  63 

—  drying,  40 

—  formation  of,  62 
— •  removal  of,  32 

—  washing,  3 1 
Precipitation  by  ammonia,  74 

—  by  water,  66 
Proportions,  combining,  i 
Prussic  acid,  toxicology  of,  173 
Purpurine,  193 

Pus  from  urine,  204 


HEACTIONS  of  acetates,  135 

it acids,  107 

alkaline  solutions,  no 

aluminum,  122 

ammonium,  126 

antimony,  113,  169 

arsenic,  112,  157 

barium,  123 

benzoates,  135 

bismuth,  113 

blood  stains,  219 

borates,  135 

bromides,  131 

cadmium,  117 

—  —  calcium,  124 

carbonates,  128 

chlorates,  127 

chlorides,  130 

chromates,  126 

chromium,  122 

cobalt,  118 

— •  —  compounds  in  solution,  109 

copper,  116,  155 

corrosive  sublimate,  149 

cyanides,  132 

earthy  salts,  105 

ferric  salts,  120 

ferrous  salts,  120 


^Reactions  of  fluorides,  106 

hippuric  acid,  193 

hydrochloric  acid,  144 

iodides,  131 

iron,  120 

lead,  115,  153 

liquid  substances,  109 

magnesium,  124 

manganese,  119 

mercuric  salts,  115 

mercurous  salts,  115 

mercury,  114 

—  —  miscellaneous  salts,  108 
morphia,  179 

nickel,  1 1 8 

nitrates,  127,  143 

nitric  acid,  143 

oxalates,  133 

oxalic  acid,  147 

—  — -  —  —  calculi,  212 

oxides,  1 06 

phosphates,  132 

phosphatic  calculi,  212 

potassium,  125 

— •  —  prussic  acid,  173 

silicates,  137 

silver,  116 

sodium,  126 

stannic  salts,  i  la 

stannous  salts,  in 

strontium,  124 

strychnia,  175 

sulphates,  130 

sulphides,  106,  129 

sulphites,  130 

sulphuric  acid,  139 

sulphydrates,  129 

tartrates,  1 34 

tin,  in 

urea,  1 89 

uric  acid,  190 

calculi,  212 

zinc,  121 

Keagent,  ammonia  as  a,  79 

—  chloride  of  barium  as  a,  98 
calcium  as  a,  98 

—  hydrofluosilicic  acid  as  a,  85 

—  nitrate  of  silver  as  a,  96 

—  oxalate    of    ammonium    as     a, 


perchL 


—  perchloride  of  iron  as  a,  100 
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Reagent,  perchloride  of  platinum  as 
a,  86 

—  phosphate  of  ammonium  as  a,  68 

—  potash  as  a,  71,  78 

—  sulphate  of  potassium  as  a,  84 

—  sulphuric  acid  as  a,  88,  93 

—  tartaric  acid  as  a,  86 
Keagents,  addition  of,  63 
Reducing  blowpipe  flame,  17 
Reduction  tubes,  18 
Reinsch's  test  for  antimony,  172 
arsenic,  165 

impediments  to,  1 67 

Retorts,  tube,  25 


SACCHARINE  URINE,  tests  for, 
196 
Salts,  alkaloidal,  9 

—  ammonium,  9 
• —  complex,  9 

—  double  decomposition  of,  12 

—  earthy,  nature  of,  75 
reactions  of,  105 

—  fusible,  56 

—  infusible,  57 

—  mineral,  of  milk,  226 
of  urine,  194 

—  miscellaneous,  108 

—  multequivalent,  8 

—  rational  formulae  of,  1 1 

—  reducible,  58 

—  simple,  8 

—  volatile,  55 
Sand-baths,  34 
Sealed  tube  making,  21 
Sealing  test  tubes,  20 
Sediment  from  normal  urine,  203 
Serum  of  blood,  216 
Silicates,  reactions  of,  137 
Silver,  nitrate  of,  as  a  reagent,  96 

—  reactions  of,  1 1 6 

—  solutions,  73 
Simple  salts,  9 

Solids,  specific  gravity  of,  50 
Solutions  made,  61 
Solvent,  ammonia  as  a,  80 

—  sulphide  of  ammonium  as  a,  70 
Solvents,  addition  of,  63 
Specific  gravity,  47 

flasks,  48 


Specific  gravity  of  liquids,  48 

of  powders,  5 1 

of  solids,  50 

Stains,  blood,  reactions  of,  219 
Stands,  jacket,  33 

—  tripod,  3  3 

Stannic  salts,  reactions  of,  112 
Stannous  salts,  reactions  of,  1 1 1 
Stirring  rods,  1 8 
Strontium,  reactions  of,  124 
Strychnia,  appearance  of,  176 

—  colour  tests,  177 

—  in  organic  mixtures,  178 

—  toxicology  of,  17.5 
Subliming  tubes,  1 8  s 
Sugar  in  blood,  224 
Sulphates,  reactions  of,  130 
Sulphides,  reactions  of,  106,  129 
Sulphites,  reactions  of,  130 
Sulphuretted  hydrogen  as  a  precipi- 
tant, 65 

bulb,  27 

Sulphuric  acid,  as  a  reagent,  93 

reactions  of,  139 

toxicology  of,  139 

concentrated,  139 

diluted,  140 

in  organic  mixtures,  141 

stains  on  clothing,  141 

Sulphydrates,  reactions  of,  129 
Supports  for  apparatus,  3  3 
Symbolic  notation,  5 
Symbols,  dash'd,  5 
Synoptic  formulae,  1 1 


TABLE  for  detection  of  acids,  96 
of  bases  of  group  one, 

68 

—  of  group  two,  7  6 
of  group  three,  84 

—  of  blowpipe  reactions,  55 

—  of  elements,  3 

—  of  preliminary  testing  for  acids, 

90 

Tartrates,  reactions  of,  1 34 
Ternary  acids,  6 
Test  tubes,  sealing,  20 
Tin,  reactions  of,  in 
Tissues,  composition  of,  183 
Toxicological  examinations,  139 
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Toxicology  of  antimony,  169 

arsenious  acid,  157 

copper,  155 

corrosive  sublimate,  149 

—  —  hydrochloric  acid,  144 

hydrocyanic  acid,  173 

lead,  153 

mercury,  149 

morphia,  179 

nitrates,  143 

nitric  acid,  142 

oxalic  acid,  147 

prussic  acid,  173 

strychnia,  175 

sulphuric  acid,  139 

Tripod  stands,  34 
Tube  retorts,  25 
Tubes,  funnel,  26 

—  gas-evolving,  26 

—  joined,  23 

—  subliming,  18 

—  reduction,  18 
Tubing,  vulcanite,  22 


TTEATES,  urinary  deposits  of,  201 
U      Urea,  crystals  of,  190 

—  from  blood,  222 

—  its  detection,  189 

—  preparation  of,  189 

—  properties  of,  190 

Uric  acid,  crystalline  form  of,  192 

its  detection,  190 

preparation  of,  191 

properties  of,  191 

urinary  deposit  of,  201 

calculus,  208 

Urinary  calculi,  207 
construction  of,  207 

—  deposits,  200 

chemical,  201 

of  cystine,  203 

earthy  phosphates,  201 

lithates,  201 

oxalate     of      calcium, 

202 

urates,  201 

•  —  uric  acid,  201 


ZIN 


Urinary  deposits,  organised,  203 

of  blood,  205 

mucus,  204 

normal  sediment,  203 

pus,  204 

Urine,  188 

—  abnormal,  195 

—  albuminous,  195 
tests  for,  195 

—  appearance  of,  205 

—  ash  of,  194 
—  biliary,  199 

—  chemical  examination  of,  206 

—  chylous,  200 

—  clinical  examination  of,  205 

—  colouring-matters  of,  193 

—  crystals  from  evaporation  of,  194 

—  extractive  matters  of,  193 

—  fatty,  199 

—  kiestein,  200 

—  mineral  salts  of,  194 

—  normal,  properties  of,  188 

—  quantity  of,  206 

—  saccharine,  196 
tests  for,  197 

—  specific  gravity  of,  205 


TTOLATILE  SALTS,  55 
V    Volatilisations,  42 
Vulcanite  tubing,  22 


WASH  BOTTLE,  25 
Washing  precipitates,  3 1 

—  tube,  gas,  28 
Water  baths,  34 

—  precipitations  by,  66 
Weighing,  46 
Weights,  atomic,  2 

—  decimal,  47 

—  molecular,  a 


r/INC,   blowpipe   examination   of, 

L     57 

—  reactions  of,  121 
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Civil  War.  By  JOHN  CANNON.  Post  Svo.  12s.  <od. 

DEMOCBACY  in  AMEBICA.  By  ALEXIS  DE  TOCQUEVILLE.  Trans- 
lated by  HENRT  REEVE.  2  vols.  Svo.  21s. 

HISTOBY  of  the  BEFOBMATION  in  EUBOPE  in  the  Time  of 
Calvin.  By  J.  H.  MERLE  D'ATJBIGNE.  D.D.  VOLS.  I.  and  II.  Svo.  28s. 
VOL.  III.  12s.  VOL.  IV.  16s.  VOL.  V.  price  16s. 

HISTOBY  of  FBANCE,  from  Clovis  and  Charlemagne  to  the  Acces- 
sion of  Napoleon  III.  By  ETRE  EVANS  CROWE.  5  vols.  Svo.  £4  13s. 

The  HISTOBY  of  GBEECE.    By  C.  THIRLWALL,  D.D.  Lord  Bishop 

of  St.  David's.    8  vols.  fcp.  Svo.  price  28s. 
The  TALE  of   the  GEEAT    PEBSIAN  WAB,  from  the  Histories  of 

Herodotus.    By  GEORGE  W.  Cox,  M.A.    New  Edition.    "Pep.  3s.  6d. 

GBEEK  HISTOBY  from  Themistocles  to  Alexander,  in  a  Series  of 
Lives  from  Plutarch.  Revised  and  arranged  by  A.  H.  CLOUGH.  Fcp.  with 
44  Woodcuts,  6s. 

CRITICAL  HISTOBY  of  the    LANGUAGE    and    LITEBATUBE    of 

Ancient  Greece.    By  WILLIAM  MURE,  of  Caldwell.    5  vols.  Svo.  £3  9s. 

HISTOBY  of  the  LITEEATUBE  of  ANCIENT  GEEECE.     By  Pro- 

.  fessor  K.  O.  MULLER.    Translated  by  the  Right  Hon.  Sir  GEORGE  CORNS- 
WALL  LEWIS,  Bart,  and  by  J.  W.  DONALDSON,  D.D.    3  vols.  Svo.  21s. 

HISTOEY  of  the  CITY  of  EOME  from  its  Foundation  to  the  Sixteenth 
Century  of  the  Christian  Era.  By  THOMAS  H.  DYER,  LL.D.  Svo.  with  2 
Maps,  15s. 
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HISTORY  of  the  ROMANS  under  the  EMPIRE.  By  the  Kev.  C. 
MERIVALE,  LL.D.  8  vols.  post  8vo.  48s. 

The  FALL  of  the  ROMAN  REPUBLIC :  a  Short  History  of  the  Last 
Century  of  the  Commonwealth.  By  the  same  Author.  I2mo.  7s.  Qd. 

The  HISTORY  of  INDIA,  from  the  Earliest  Period  to  the  close  of  Lord 
Dalhousie's  Administration.  By  JOHN  CLARK  MARSHMAN.  3  vols.  crown 
8vo.  22s.  6d. 

INDIAN  POLITY  :  a  View  of  the  System  of  Administration  in  India. 
By  Major  GEORGE  CHESNEY,  Fellow  of  the  University  of  Calcutta.  8vo. 
with  Map,  21s. 

HISTORY  of  the  FRENCH  in  IJ3DIA,  from  the  Founding  of  Pondi- 
chery  in  1674  to  its  Capture  in  1761.  By  Lieutenant-Colonel  G.  B.  MALLESOS", 
Bengal  Staff  Corps.  8vo.  16s. 

REALITIES  of  IRISH  LIFE.  By  W.  STEDART  TRENCH,  Land  Agent 
in  Ireland  to  the  Marquess  of  Lansdowne,  the  Marquess  of  Bath,  and  Lord 
Digby.  With  Illustrations  from  Drawings  by  the  Author's  Sou,  J. 
TOWNSEND  TRENCH.  Third  Edition,  with  30  Plates.  8vo.  21s. 

JOURNALS,  CONVERSATIONS,  and  ESSAYS  relating  to  IRELAND. 

By  NASSAU  WILLIAM  SENIOR.    2  vols.  post  8vo.  21s. 

MODERN  IRELAND;  its  Vital  Questions,  Secret  Societies,  and 
Government.  By  an  ULSTERMAN.  Post  8vo.  6s. 

IRELAND  in  1868  the  BATTLE-FIELD  for  ENGLISH  PARTY 
STRIFE:  its  Grievances,  Real  and  Factitious;  Remedies,  Abortive  or 
Mischievous.  By  GERALD  FITJZGIBBON.  Second  Edition.  8vo.  8s.  Qd. 

AN  ILLUSTRATED  HISTORY  of  IRELAND,  from  the  Earliest 
Period  to  the  Year  of  Catholic  Emancipation.  By  MART  F.  CUSACZ. 
Second  Edition,  revised  and  enlarged.  8vo.  18s.  Qd. 

CRITICAL  and  HISTORICAL  ESSAYS  contributed  to  the  Edinburgh 
Review.  By  the  Right  Hon.  LORD  MACAULAY. 

LIBRARY  EDITION,  3  vols.  Svo.  36s. 

CABINET  EDITION,  4  vols.  post  Svo.  24s. 

TRAVELLER'S  EDITION,  in  One  Volume,  square  crown  Svo.  21s. 

PEOPLE'S  EDITION^  vols.  crown  Svo.  Ss. 

GOD  in  HISTORY ;  or,  the  Progress  of  Man's  Faith  in  the  Moral 
Order  of  the  World.  By  the  late  Baron  BUNSEN.  Translated  from  the 
German  by  SUSANNA  WINKWORTH?  with  a  Preface  by  Dean  STANLEY.  Ill 
Three  Volumes.  VOLS.  I.  and  II.  Svo.  30s. 

HISTORY  of  EUROPEAN  MORALS,  from  Augustus  to  Charlemagne. 

By  W.  E.  H.  LECKY,  M.A.    2  vols.  Svo.  price  28s. 
HISTORY    of   the    RISE    and   INFLUENCE    of    the    SPIRIT    of 

RATIONALISM  in  EUROPE.    By  W.  E.  H.  LECKY,  M.A.    Third  Edition, 

revised.    2  vols.  Svo.  25s. 

The  HISTORY  of  PHILOSOPHY,  from  Thales  to  Comte.  By 
GEORGE  HENRY  LEWES.  Third  Edition.  2  vols.  Svo.  30s. 

EGYPT'S  PLACE  in  UNIVERSAL  HISTORY;  an  Historical  Investi- 
gation. By  Baron  BUNSEN,  D.C.L.  Translated  by  C.  H.  COTTRELL  MA. 
With  Additions  by  S.  BIRCH,  LL.D.  5  vols.  Svo.  price  £8 14s.  6d, 
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MAUNDER'S  HISTORICAL  TREASURY ;  comprising  a  General  In- 
troductory Outline  of  Universal  History,  and  a  series  of  Separate  Histories. 
Latest  Edition,  revised  and  brought  down  to  the  Present  Time  bv  the 
Rev.  G.  W.  Cox,  M.A.  late  Scholar  of  Trinity  College,  Oxford.  Fcp.  10s.  Gd. 

HISTORY  of  the  NORMAN  KINGS  of  ENGLAND.     Drawn  from  a 

New  Collation  of  the  Contemporary  Chronicles,  by  THOMAS  COBBE,  of  the 
Inner  Temple,  Barrister-at-Law.    1  vol.  8vo.  [Nearly  ready. 

HISTORY  of  the  CHRISTIAN  CHURCH,  from  the  Ascension  of 
Christ  to  the  Conversion  of  Constantine.  By  E.  BURTON,  D.D.  late 
Prof,  of  Divinity  in  the  Univ.  of  Oxford.  Eighth  Edition.  Fcp.  Ss.  Gd. 

SKETCH  of  the  HISTORY  of  the  CHURCH  of  ENGLAND  to  the 

Revolution  of  1688.    By  the  Right  Rev.  T.  V.  SHOEI,  D.D.  Lord  Bishop  of 
St.  Asaph.    Seventh  Edition.    Crown  8vo.  105. Gd. 

HISTORY  of  the  EARLY  CHURCH,  from  the  First  Preaching  of  the 
Gospel  to  the  Council  of  Nicaea,  A.D.  325.  By  ELIZABETH  M.  SEWELL, 
Author  of  'Amy  Herbert.'  Fcp.  4s.  Gd. 

The   ENGLISH   REFORMATION.      By  'F.  C.  MASSINGBERD,  M.A. 

Chancellor  of  Lincoln  and  Rector  of  South  Ormsby.  Fourth  Edition,  revised . 
Fcp.  8vo.  7s.  Gd. 


Biography  and  Memoirs. 

DICTIONARY  of  GENERAL  BIOGRAPHY;  containing  Concise 
Memoirs  and  Notices  of  the  most  Eminent  Persons  of  all  Countries,  from 
the  Earliest  Ages  to  the  Present  Time.  Edited  by  W.  L.  R.  GATES.  8vo.  21s. 

LIVES  of  the  TUDOR  PRINCESSES,  including  Lady  Jane  Grey  and 
her  Sisters.  By  AGNES  STRICKLAND,  Author  of  '  Lives  of  the  Queens  of 
England.'  Post  8vo.  with  Portrait,  &c.  12s.  Gd. 

MEMOIRS  of  BARON  BUNSEN.  Dra\vn  chiefly  from  Family  Papers 
by  his  Widow,  FRANCES  Baroness  BUNSEN.  Second  Edition,  abridged; 
with  2  Portraits  and  4  Woodcuts.  2  vols.  post  Svo.  21s. 

LIFE  and  CORRESPONDENCE  of  RICHARD  WHATELY,  D.D.  late 
Archbishop  of  Dublin.  By  E.  JANE  WHATELY.  Popular  Edition,  with 
Additions  and  Omissions.  Crown  Svo.  with  Portrait,  7s.  Gd. 

LIFE  of  the  DUKE  of  WELLINGTON.  By  the  Rev.  G.  R.  GLEIG, 
M.A.  Popular  Edition,  'carefully  revised  •,  with  copious  Additions.  Crown 
Svo.  with  Portrait,  5s. 

HISTORY  of  MY  RELIGIOUS  OPINIONS.    By  J.  H.  NEWMAN,  D.D. 

Being  the  Substance  of  Apologia  pro  Vita  Sua.    Post  Svo.  6s. 

FATHER  MATHEW:  a  Biography.  By  JOHN  FRANCIS  MAGUIRE, 
M.P.  for  Cork.  Popular  Edition,  with  Portrait.  Crown  Svo.  3s.  Gd. 

THE  LIFE  of  FRANZ  SCHUBERT.  Translated  from  the  German 
of  K.  VON  HELLBORN,  by  A.  D.COLERIDGE,  M.A.  late  Fellow  of  King's 
College,  Cambridge.  With  an  APPENDIX  by  G.  GROVE.  2  vols.  post  Svo. 
with  Portrait,  21s. 


NEW  WORKS  PUBLISHED  BY  LONGMANS  AND  CO.  5 

REMINISCENCES    of    FELIX    MENDELSSOHN-BARTHOLDY;    a 

Social  and  Artistic  Biography.  By  ELISE  POLKO.  Translated  from  the 
German  by  Lady  WALLACE.  With  additional  Letters  addressed  to  English 
Correspondents.  Post  Svo.  with  Portrait  and  View,  10s.  Qd. 

FELIX  MENDELSSOHN'S    LETTERS    from    Italy   and    Switzerland, 

and  Letters  from  1833  to  1847,  translated  by  Lady  WALLACE.  New  Edition, 
with  Portrait.  2  vols.  crown  Svo.  55.  each. 

FARADAY  as  a  DISCOVERER.     By  JOHN  TYNDALL,  LL.D.  F.R.S. 

Professor  of  Natural  Philosophy  in  the  Royal  Institution  of  Great  Britain. 
With  Two  Portraits.  Crown  Svo.  6s. 

MEMOIRS  of  SIR  HENRY  HAVELOCK,  K.C.B.     By  JOHN  CLARK 

MARSHMAN.   Cabinet  Edition,  with  Portrait.  Crown  Svo.  price  5s. 

CAPTAIN  COOK'S  LIFE,  VOYAGES,  and  DISCOVERIES.  18mo. 
Woodcuts,  2s.  Qd. 

LIFE  of  Sir  JOHN  RICHARDSON,  C.B.  sometime  Inspector  of  Naval 
Hospitals  and  Fleets.  By  the  Rev.  JOHN  MC!LRAITH.  Fcp.  Svo.  with 
Portrait,  5s. 

LIFE  of  PASTOR  FLIEDNER,  Founder  of  the  Deaconesses'  Institu- 
tion at  Kaisers werth.  Translated  from  the  German  by  CATHERINE  WINK- 
WORTH.  Fcp.  Svo.  with  Portrait,  3s.  Qd. 

VICISSITUDES   of  FAMILIES.     By  Sir  J.  BERNARD  BURKE,  C.B. 

Ulster  King  of  Arms.  New  Edition,  remodelled  and  enlarged.  -  2-  vols. 
crown  Svo.  21s. 

THE  EARLS  of  GRANARD:  a  Memoir  of  the  Noble  Family" 'of  Forbes. 
Written  by  Admiral  the  Hon.  JOHN  FORBES,  and  edited  by  GEORGE 
ARTHUR  HASTINGS,  present  Earl  of  Granard,  K.P.  Svo.  10s. 

GEORGE  PETRIE,  LL.D.  M.R.I.A.  &c.  formerly  President  of  the 
Royal  Hibernian  Academy ;  his  Life  and  Labours  in  Art  and  Archeology. 
By  WILLIAM  STOKES,  M.D.  &c.  Physician-in-Ordinary  to  the  Queen  in 
Ireland.  Svo.  12s.  Qd. 

ESSAYS  in  ECCLESIASTICAL  BIOGRAPHY.  By  the  Eight  Hon. 
Sir  J.  STEPHEN,  LL.D.  Cabinet  Edition  (being  the  Fifth) .  Crown  Svo.  7s.  Qd. 

ESSAYS  on  EDUCATIONAL  REFORMERS :  the  Jesuits,  Locke,  J.  J. 
Rousseau,  Pestalozzi,  Jacotot,  &c.  By  the  Rev.  R.  H.  QUICK,  M.A.  Trin. 
Coll.  Cantab.  Post  Svo.  7s.  Qd. 

ESSAYS,  BIOGRAPHICAL  and  CRITICAL.  By  A.  L.  MEISSNER, 
Ph.D.  Professor  of  Modern  Languages  in  Queen's  College,  Belfast,  and  in 
the  Queen  s  University  in  Ireland.  [Nearly  ready. 

MAUNDER'S  BIOGRAPHICAL  TREASURY.  Thirteenth  Edition, 
reconstructed,  thoroughly  revised,  and  in  great  part  rewritten;  with  about 
1,000  additional  Memoirs  and  Notices,  by  W.  L.  R.  GATES.  Fcp.  10s.  Qd. 

LETTERS  and  LIFE  of  FRANCIS  BACON,  including  all  his  Occa- 
sional Works.  Collected  and  edited,  with  a  Commentary,  by  J.  SPEEDING, 
Trin.  Coll.  Cantab.  VOLS.  I.  and  II.  Svo.  24s.  VOLS.  ill.  and  IV.  price  24s . 
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Criticism,  Philosophy,  Polity,  &c. 

The  INSTITUTES  of  JUSTINIAN;  with  English  Introduction,  Trans- 
lation, and  Notes.  By  T.  C.  SANDARS,  M.A.  Barrister,  late  Fellow  of  Oriel 
Coll.  Oxon.  Fourth  Edition.  8vo.  15s. 

SOCRATES  and  the  SOCRATIC  SCHOOLS.  Translated  from  the 
German  of  Dr.  E.  ZELLER,  with  the  Author's  approval,  by  the  Rev.  OSWALD 
J.  REICHEL,  B.C.L.  and  M.A.  Crown  8vo.  85.  Qd. 

The  ETHICS  of  ARISTOTLE,  illustrated  with  Essays  and  Notes. 
By  Sir  A.  GRANT,  Bart.  M.A.  LL  J).  Second  Edition,  revised  and  completed. 
2  vols.  Svo.price  28s. 

ELEMENTS  of  LOGIC.  By  R.  WHATELT,  D.D.  late  Archbishop  of 
Dublin.  Ninth  Edition.  8vo.  10s.  Qd.  crown  8vo.  4s.  Qd. 

Elements  of  Rhetoric.  By  the  same  Author.  Seventh  Edition. 
8vo.  10*.  Qd.  crown  8vo.  4s.  6d. 

English  Synonymes.  By  E.  JANE  WHATELT.  Edited  by  Archbishop 
WHATELY.  5th  Edition.  Fcp.  3s. 

BACON'S  ESSAYS  with  ANNOTATIONS.     By  R.  WHATELT,  D.D. 

late  Archbishop  of  Dublin.    Sixth  Edition .  8 vo.  10s.  Qd. 

LORD  BACON'S  WORKS,  collected  and  edited  by  K.  L.  ELLIS,  M.A. 
J.  SPEDDING,  M.A.  and  D.  D.  HEATH.  Vols.  I.  to  V.  Philosophical  Works, 
6  vols.  8vo.  £4  6s.  VOLS.  VI.  and  VII.  Literary  and  Professional  Works, 
2  vols.  £1 16s. 

On  REPRESENTATIVE  GOVERNMENT.     By  JOHN    STUART  MILL. 

Third  Edition.    Svo.  9s.    Crown  8vo.  2s. 

On  LIBERTY.  By  JOHN  STUART  MILL.  Fourth  Edition.  Post 
Svo.  7s.  Qd.  Crown  Svo.  Is.  4cZ.  , 

Principles  of  Political  Economy.  By  the  same  Author.  Sixth 
Edition.  2  vols.  Svo.  80s.  Or  in  1  vol.  crown  Svo.  5s. 

A  System  of  Logic,  Ratiocinative  and  Inductive.  By  the  same 
Author.  Seventh  Edition.  Two  vols.  Svo.  25s. 

ANALYSIS  of  Mr.  MILL'S  SYSTEM  of  LOGIC.  By  W.  STEBBING, 
M.A.  Fellow  of  Worcester  College,  Oxford.  Second  Edition.  12mo.  3s.  Qd. 

UTILITARIANISM.    By  JOHN  STUART  MILL.    Third  Edition.   Svo.  5*. 

Dissertations  and  Discussions,  Political,  Philosophical,  and  His- 
torical. By  the  same  Author.  Second  Edition,  revised.  3  vols.  Svo.  36s. 

Examination  of  Sir  W.  Hamilton's  Philosophy,  and  of  the  Principal 
Philosophical  Questions  discussed  in  his  Writings.  By  the  same  Author. 
Third  Edition.  Svo.  16s. 

An  OUTLINE  of  the  NECESSARY  LAWS  of  THOUGHT :  a  Treatise 
on  Pure  and  Applied  Logic.  By  the  Most  Eev.  WILLIAM,  Lord  Arch- 
bishop of  York,  D.D.  F.E.S.  Ninth  Thousand.  Crown  Svo.  5s.  Qd. 
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The  ELEMENTS  of  POLITICAL  ECONOMY.  By  HENRY  DUNNING 
MACLEOD,  M.A.  Barrister-at-Law.  8vo.  165. 

A  Dictionary  of  Political  Economy ;  Biographical,  Bibliographical, 
Historical,  and  Practical.  By  the  same  Author.  VOL.  I.  royal  8vo.  80s. 

The  ELECTION  of  EEPEESENTATIVES,  Parliamentary  and  Muni- 
cipal ;  a  Treatise.  By  THOMAS  HAKE,  Barrister-at-Law.  Third  Edition, 
with  Additions.  Crown  8vo.  6s. 

SPEECHES  of  the  EIGHT  HON.  LOED  MACAULAY,  corrected  by 
Himself.  Library  Edition,  8vo.  12s.  People's  Edition,  crown  8vo.  3s.  6d. 

LOED  MACAULAY' S  SPEECHES  on  FAELIAMENTAEY  EEFOEM 

in  1831  and  1832.    16mo.    Is. 

INAUGUEAL  ADDEESS  delivered  to  the  University  of  St.  Andrews. 
By  JOHN  STUART  MILL.  8vo.  5s.  People's  Edition,  crown  8vo.  Is. 

A  DICTIONAEY  of  the  ENGLISH  LANGUAGE.  By  R.  G.  LATHAM, 
M.A.  M.D.  F.R.S.  Founded  on  the  Dictionary  of  Dr.  SAMUEL  JOHNSON,  as 
edited  by  the  Rev.  H.  J.ToDD/with  numerous  Emendations  arid  Additions. 
In  Two  Volumes.  VOL.  I.  4to.  in  Two  Parts,  price  £3  10s.  In  course  of  pub- 
lication, also,  in  36  Parts,  price  3s.  6d.  each. 

THESAUEUS  of  ENGLISH  WOEDS  and  PHEASES,  classified  and 
arranged  so  as  to  facilitate  the  Expression  of  Ideas,  and  assist  in  Literary 
Composition.  By  P.  M.  ROGET,  M.D.  New  Edition.  Crown  Svo.  10s.  6d. 

LECTUEES  on  the  SCIENCE  of  LANGUAGE,  delivered  at  the  Royal 
Institution.  By  MAX  MULLER,  M.A.  Fellow  of  All  Souls  College,  Oxford. 
2  vols.  8vo.  FIRST  SERIES,  Fifth  Edition,  12s.  SECOND  SERIES,  Second 
Edition,  18s. 

CHAPTEES  on  LANGUAGE.  By  FREDERIC  W.  FARRAR,  F.R.S.  late 
Fellow  of  Trin.  Coll.  Cambridge.  Crown  8vo.  8s.  6d. 

WOED-GOSSIP ;  a  Series  of  Familiar  Essays  on  Words  and  their 
Peculiarities.  By  the  Rev.  W.  L.  BLACKLEY,  M.A.  Fcp.  Svo.  5s. 

A  BOOK  ABOUT  WOEDS.  By  G.  F.  GRAHAM,  Author  of  «  English, 
or  the  Art  of  Composition,'  '  English  Synonymes,'  '  English  Grammar 
Practice, '  English  Style/  &c.  Fcp.  Svo.  [Nearly  ready. 

The  DEBATEE ;  a  Series  of  Complete  Debates,  Outlines  of  Debates, 
and  Questions  for  Discussion.  By  F.  ROWTON.  Fcp.  6s. 

MANUAL  of  ENGLISH  LITEEATUEE,  Historical  and  Critical.  By 
THOMAS  ARNOLD,  M.A.  Second  Edition.  Crown  Svo.  price  7s.  6d. 

SOUTHEY'S  DOCTOE,  complete  in  One  Volume.  Edited  by  the  Rev. 
J.  W.  WARIER,  B.D.  Square  crown  Svo.  12s.  6rf. 

HISTOEICAL  and  CEITICAL  COMMENTAEY  on  the  OLD  TESTA- 
MENT ;  with  a  New  Translation.  By  M.  M.  KALISCH,  Ph.D.  VOL.  I. 
Genesis,  Svo.  18s.  or  adapted  for  the  General  Reader,  12s.  VOL.  II.  Exodus, 
15s.  or  adapted  for  the  General  Reader,  12s.  VOL.  III.  Leviticus,  PART  I. 
15s.  or  adapted  for  the  General  Reader,  8s. 

A  Hebrew  Grammar,  with  Exercises.  By  the  same  Author.  PART  I. 
Outlines  with  Exercises,  Svo.  12s.  6d.  KEY,  5s.  PART  II.  Exceptional 
Forms  and  Constructions,  12s.  Qd. 
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A  LATIN-ENGLISH  DICTIONABY.  By  J.  T.  WHITE,  D.D.  of 
Corpus  Christ!  College,  and  J.  E.  RIDDLE,  M.A.  of  St.  Edmund  Hall,  Oxford. 
2  vols.  4to.  pp.  2,128,  price  42s.  cloth. 

White's  College  Latin-English  Dictionary  (Intermediate  Size), 
abridged  foi-  the  use  of  University  Students  from  the  Parent  Work  (as 
above).  Medium  8vo.  pp.  1,048,  price  18s.  cloth. 

White's  Junior  Student's  College  Latin-English  and  English-Latin 
Dictionary.    Square  12mo.  pp.  1,058,  price  12s. 
„          ,,     f   The  ENGLISH-LATIN  DICTIONARY,  price  5s.  Gd. 
Separately  |   The  LATIN-ENGLISH  DICTIONARY,  price  7s.  Gd. 

An  ENGLISH-GREEK  LEXICON,  containing  all  the  Greek  Words 
used  by  Writers  of  good  authority.  By  C.  D.  YONGE,  B.A.  New  Edi- 
tion. 4to.  21s. 

Mr.  YONGE'S  NEW  LEXICON,  English  and  Greek,  abridged  from 
his  larger  work  (as  above).  Revised  Edition.  Square  12mo.  8s.  Gd. 

A  GREEK-ENGLISH  LEXICON.     Compiled  by  H.  G.  LIDDELL,  D.D. 

Dean  of  Christ  Church,  and  R.  SCOTT,  D.D.  Master  of  Balliol.  Fifth  Edition. 
Crown  4to.  31s.  6d. 

A  Lexicon,  Greek  and  English,  abridged  from  LIDDELL  and  SCOTT'S 
Greek-English  Lexicon.  Twelfth  Edition.  Square  12mo.  7s.  Gd. 

A  SANSKRIT-ENGLISH  DICTIONARY,  the  Sanskrit  words  printed 
both  iri  the  original  Devanagari  and  in  Roman  Letters.  Compiled  by 
T.  BENFEY,  Prof,  in  the  Univ.  of  Gottingen.  8vo.  52s.  Gd. 

WALKER'S  PRONOUNCING  DICTIONARY  of  the  ENGLISH  LAN- 
GUAGE. Thoroughly  revised  Editions,  by  B.  H.  SMAKT.  8vo.  12s.  16mo.  6s. 

A  PRACTICAL  DICTIONARY  of  the  FRENCH  and  ENGLISH  LAN- 
GUAGES. By  L.  COSTTANSEATT.  Thirteenth  Edition.  Post  8vo.  10s.  Gd. 

Contanseau's  Pocket  Dictionary,  French  and  English,  abridged  from 
the  above  by  the  Author.  New  Edition,  revised.  Square  18mo.  3s.  Gd. 

NEW  PRACTICAL   DICTIONARY  of  the    GERMAN    LANGUAGE; 

German-English  and  English-German.    By  the  Rev.  W.  L.  BLACKLET,  M.A. 
and  Dr.  GAEL  MARTIN  FBIEDLANDEB.    Post  8vo.  7s.  Gd. 


Miscellaneous  Works  and  Popular  Metaphysics. 

The  ESSAYS  and  CONTRIBUTIONS  of  A.  K.  H.  B.,  Author  of «  The 
Recreations  of  a  Country  Parson.'    Uniform  Editions  :— 

Recreations  of  a  Country  Parson.     FIRST  and  SECOND  SERIES,  cro\\n 

Svo.  3s.  Gd.  each. 
The  Common-place  Philosopher  in  Town  and  Country.     Crown  Svo. 

3s.  Gd. 
Leisure  Hours   in  Town;   Essays    Consolatory,  ^Esthetical,  Moral, 

Social,  and  Domestic.    Crown  Svo.  3s.  Gd. 
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The  Autumn  Holidays  of  a  Country  Parson;  Essays  contributed 
to  Fraser's  Magazine  and  to  Good  Words.  Crown  Svo.  3s.  Qd. 

The  Graver  Thoughts  of  a  Country  Parson.  EIRST  and  SECOND 
SERIES,  crown  8vo.  3s.  Gd.  each. 

Critical  Essays  of  a  Country  Parson.  Selected  from  Essays  con- 
tributed to  Fraser's  Magazine.  Crown  Svo.  3s.  6d. 

Sunday  Afternoons  at  the  Parish  Church  of  a  Scottish  University 

City.    Crown  Svo.  3s.  6d. 
Lessons  of  Middle  Age,  -with  some  Account  of  various  Cities  and 

Men.    By  A.  K.  H.  B.  Author  of  '  The  Recreations  of  a  Country  Parson.' 

Crown  Svo.  3s.  Qd. 

Counsel  and  Comfort  spoken  from  a  City  Pulpit.     Crown  Svo.  3s.  6d. 

Changed  Aspects  of  Unchanged  Truths  :  Memorials  of  St.  Andrews 
Sundays.  Crown  Svo.  3s.  6d, 

SHORT  STUDIES  on  GEEAT  SUBJECTS.  By  JAMES  ANTHONY 
FROUDE,  M.A.  lato  Fellow  of  Exeter  Coll.  Oxford.  Third  Edition.  Svo.  12s. 

LORD   MACAULAY'S    MISCELLANEOUS    WRITINGS:— 
LIBRARY  EDITION.   2  vols.  Svo.  Portrait,  21s. 
PEOPLE'S  EDITION.   1  vol.  crown  Svo.  4s.  Qd. 

The  REV.  SYDNEY  SMITH'S  MISCELLANEOUS  WORKS  ;  includ- 
ing his  Contributions  to  the  Edinburgh  Review.  2  vols.  crown  Svo.  Ss. 

The  Wit  and  Wisdom  of  the  Rev.  Sydney  Smith,  a  Selection  of 
the  most  memorable  Passages  in  his  Writings  and  Conversation.  16mo.  5s. 

EPIGRAMS,  Ancient  and  Modern  ;  Humorous,  Witty,  Satirical,  Moral, 
and  Panegyrical.  Edited  by  Rev.  JOHN  BOOTH,  B.A.  Cambridge.  Second 
Edition,  revised  and  enlarged.  Fcp.  7s.  Qd. 

The  PEDIGREE  of  the  ENGLISH  PEOPLE ;  an  Argument,  His- 
torical and  Scientific,  on  the  Ethnology  of  the  English.  By  THOMAS 
NICHOLAS,  M.A.  Ph.D.  Svo.  16s. 

The  ENGLISH  and  THEIR  ORIGIN :  a  Prologue  to  authentic  English 
History.  By  LUKE  OWEN  PIKE,  M.A.  Barrister-at-Law.  Svo.  9s. 

ESSAYS  selected  from  CONTRIBUTIONS  to  the  Edinburgh  Review. 
By  HENRY  ROGERS.  Second  Edition.  3  vols.  fcp.  2ls. 

Reason  and  Faith,  their  Claims  and  Conflicts.  By  the  same  Author. 
New  Edition,  accompanied  by  several  other  Essays.  Crown  Svo.  6s.  Qd. 

The  Eclipse  of  Faith  ;  or,  a  Visit  to    a  Keligious  Sceptic.    By  the 

same  Author.    Twelfth  Edition.    Fcp.  5s. 

Defence  of  the  Eclipse  of  Faith,  by  its  Author  ;  a  rejoinder  to  Dr. 
Newman's  Reply.  Third  Edition.  Fcp.  3s.  Qd. 

Selections  from  the  Correspondence  of  R.  E.  H.  Greyson.     By  the 

same  Author.    Third  Edition.    Crown  Svo.  7s.  Qd. 
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CHIPS  from  a  GERMAN  WORKSHOP;  being  Essays  on  the  Science 
of  Religion,  and  on  Mythology,  Traditions,  and  Customs.  By  MAX 
MULLEB,  M.A.  Fellow  of  All  Souls  College,  Oxford.  Second  Edition,  revised, 
with  an  Index.  2  vols.  8vo.  24s. 

ANALYSIS  of  the  PHENOMENA  of  the  HUMAN  MIND.  By 
JAMES  MILL.  A  New  Edition,  with  Notes,  Illustrative  nnd  Critical,  by 
ALEXANDER  BAIN,  ANDREW  FINDLATER,  and  GEORGE  GROTE.  Edited, 
with  additional  Notes,  by  JOHN  STUART  MILL.  2  vols.  8vo.  price  28s. 

An  INTRODUCTION  to  MENTAL  PHILOSOPHY,  on  the  Inductive 

Method.    By.  J.D.  MoRELL,M.A.  LL.D.    8vo.  125. 
Elements  of  Psychology,  containing  the  Analysis  of  the  Intellectual 

Powers.    By  the  same  Author.    Post  8vo.  7s.  Qd. 
The  SECRET  of  HEGEL:   being  the    Hegelian   System  in  Origin, 

Principle,  Form,  and  Matter.    By  J.  H.  STIRLING.    2  vols.  8vo.  285. 

The  SENSES  and  the  INTELLECT.     By  ALEXANDER   BAIN,  M.A. 

Professor  of  Logic  in  the  University  of  Aberdeen.  Third  Edition.  8vo.  155. 
The   EMOTIONS  and  the  WILL.      By  the  same  Author.     Second 

Edition.  Svo.  15s. 
On  the  STUDY  of  CHARACTER,  including  an  Estimate  of  Phrenology. 

By  the  same  Author.    8vo.  9s. 

MENTAL  and  MORAL  SCIENCE:  a  Compendium  of  Psychology 
and  Ethics.  By  the  same  Author.  Second  Edition.  Crown  8vo.  10s.  6d. ' 

The  PHILOSOPHY  of  NECESSITY ;  or,  Natural  Law  as  applicable  to 

Mental,  Moral,  and  Social  Science.    By  CHARLES  BRAY.    Second  Edition. 

8vo.  9s. 
The  Education  of  the  Feelings  and  Affections.    By  the  same  Author. 

Third  Edition.    8vo.  3s.  6d. 
On  Force,  its  Mental  and  Moral  Correlates.    By  the  same  Author. 

Svo.  5s. 

The  FOLK-LORE  of  the  NORTHERN  COUNTIES  of  ENGLAND  and 

the  Borders.    By  WILLIAM  HENDERSON.    With  an  Appendix  on  House- 
hold Stories  by  the  Rev.  S.  BARING-GOULD,  M.A.    Post  Svo.  9s.  <od. 


Astronomy r,  Meteorology,  Popular  Geography,  &c. 

OUTLINES  of  ASTRONOMY.  By  Sir  J.  F.  W.  HERSCHEL,  Bart. 
M.A.  Ninth  Edition,  revised  ;  with  Plates  and  Woodcuts.  Svo.  18s. 

SATURN  and  its  SYSTEM.  By  RICHARD  A.  PROCTOR,  B.A.  late 
Scholar  of  St  John's  Coll.  Camb.  Svo.  with  14  Plates,  14s. 

Handbook  of  the  Stars.    By  the  same  Author.    With  3  Maps.     Square 

fcp.  5s. 
CELESTIAL    OBJECTS   for  COMMON  TELESCOPES.     By  the  Rev. 

T.  W.  WEBB,  M.A.  F.R.A.S.    Second  Edition,  revised,  with  a  large  Map  of 

the  Moon,  and  several  Woodcuts.    16mo.  7s.  Qd. 

NAVIGATION  and  NAUTICAL  ASTRONOMY  (Practical,  Theoretical, 
Scientific)  for  the  use  of  Students  and  Practical  Men.  By  J.  MEKRIFIELD, 
F.R.A.S  and  H.  ETEES.  Svo.  34s. 
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DOVE'S  LAW  of  STORMS,  considered  in  connexion  with  the  Ordinary 
Movements  of  the  Atmosphere.  Translated  by  R.  H.  SCOTT,  M.A.  T.C.D. 
8vo.  10s.  Gd. 

PHYSICAL  GEOGRAPHY  for  SCHOOLS  and  GENERAL  READERS. 

By  M.  F.  MAUBY,  LL.D.   Fcp.  with  2  Charts,  2s.  &d. 
A  TREATISE  on  the  ACTION  of  VIS    INERTIJ3  in  the  OCEAN ; 

\vith  Remarks  on  the  Abstract  Nature  of  the  Forces  of  Vis  Inertise  'and 
Gravitation,  and  a  New  Theory  of  the  Tides.  By  WILLIAM  LEIGHTOBT 
JOEDAN,  F.R.G.S.  With  12  Charts  and  Diagrams.  Svo.  14s. 

M'CULLOCH'S  DICTIONARY,  Geographical,  Statistical,  and  Historical, 
of  the  various  Countries,  Places,  and  Principal  Natural  Objects  in  the  World. 
New  Edition,  with  the  Statistical  Information  brought  up  to  the  latest 
returns  by  F.  MAETIN.  4  vols.  Svo.  with  coloured  Maps,  £4  4s. 

A  GENERAL  DICTIONARY  of  GEOGRAPHY,  Descriptive,  Physical, 
Statistical,  and  Historical :  forming  a  complete  Gazetteer  of  the  World.  By 
A.  KEITH  JOHNSTON,  LL.D  F.R.G.S.  Revised  Edition.  Svo.  31s.  Gd. 

A  MANUAL  of  GEOGRAPHY,  Physical,  Industrial,  and  Political. 
By  W.  HUGHES,  F.R.G.S.  \?  ith  6  Maps.  Fcp.  7s.  Gd. 

The  STATES  of  the  RIVER  PLATE  :  their  Industries  and  Commerce. 
By  WILFBID  LATHAM,  Buenos  Ayres.  Second  Edition,  revised.  Svo.  12s. 

MAUNDER' S  TREASURY   of    GEOGRAPHY,    Physical,    Historical, 

Descriptive,  and  Political.  Edited  by  W.  HUGHES,  F.R.G.S.  With  7  Maps 
and  16  Plates.  Fcp.  10s.  Gd. 


Natural  History  and  Popular  Science. 

ELEMENTARY  TREATISE  on  PHYSICS,  Experimental  and  Applied. 
Translated  and  edited  from  GANOT'S  Elements  de  Physique  (with  the  Au- 
thor's sanction)  by  E.  ATKINSON,  Ph.  D.  F.C.S.  New  Edition,  revised 
and  enlarged ;  with  a  Coloured  Plate  and  620  Woodcuts.  Post  Svo.  15s. 

The  ELEMENTS  of   PHYSICS    or   NATURAL   PHILOSOPHY.     By 

NEIL  AENOTT,  M.D.  F.R.S.    Physician  Extraordinary  to  the  Queen.    Sixth 
Edition,  rewritten  and  completed.    Two  Parts,  Svo.  21s. 

SOUND  :  a  Course  of  Eight  Lectures  delivered  at  the  Royal  Institution 
of  Great  Britain.  By  JOHN  TYNDALL,  LL.D.  F.R.S.  Crown  Svo.  with 
Portrait  of  Jf.  Chladni  and  169  Woodcuts,  price  9s. 

HEAT  CONSIDERED  as  a  MODE  of  MOTION.  By  Professor  JOHN 
TTNDALL,  LL.D.  F.R.S.  Third  Edition.  Crown  Svo.  with  Woodcuts,  10s.  Gd. 

LIGHT :  Its  Influence  on  Life  and    Health.    By  FORBES  WINSLOW, 

M.D.  D.C.L.  Oxon.  (Hon.).    Fcp.  Svo.  6s. 
An   ESSAY    on   DEW,  and  several  Appearances  connected   with  it. 

By  W.  C.  WELLS.    Edited,  with  Annotations,  by  L.  P.  CASELLA,  F.R.A.S. 

and  an  Appendix  by  R.  STRACHAN,  F.M.S.    Svo.  5s. 

A  TREATISE  on  ELECTRICITY,  in  Theory  and  Practice.  By  A. 
DE  LA  RIVE,  Prof,  in  the  Academy  of  Geneva.  Translated  by  C.  V.  WALZEB, 
F.R.S.  3  vols.  Svo.  with  Woodcuts,  £3  13s. 
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The  CORRELATION  of  PHYSICAL  FORCES.  By  W.  R.  GROVE, 
Q.O.  V.P.R.S.  "Fifth  Edition,  revised,  and  followed  by  a  Discourse  on  Con- 
tinuity. 8vo.  10s.  6d.  The  Discourse  on  Continuity,  separately,  2s.  6d. 

MANUAL  of  GEOLOGY.  By  S.  HAUGHTON,  M.D.  F.R.S.  Revised 
Edition,  with  66  Woodcuts.  Fcp.  7s.  Gd. 

A  GUIDE  to  GEOLOGY.  By  J.  PHILLIPS,  M.A.  Professor  of  Geology 
in  the  University  of  Oxford.  Fifth  Edition,  with  Plates.  Fcp.  4s. 

The  STUDENT'S  MANUAL  of  ZOOLOGY  and  COMPARATIVE 
PHYSIOLOGY.  By  J.  BURNEY  YEO,  M.B.  Resident  Medical  Tutor  and 
Lecturer  on  Animal  Physiology  in  King's  College,  London.  [Nearly  ready. 

VAN  DER  HOEVEN'S  HANDBOOK  of  ZOOLOGY.  Translated  from 
the  Second  Dutch  Edition  by  the  Rev.  W.  CLARK,  M.D.  F.R.S.  2  vols.  8vo. 
with  24  Plates  of  Figures,  60s. 

Professor  OWEN'S  LECTURES  on  the  COMPARATIVE  ANATOMY 

and  Physiology  of  the  Invertebrate  Animals.    Second  Edition,  with  285 
Woodcuts.    Svo.  21s. 

The  COMPARATIVE  ANATOMY  and  PHYSIOLOGY  of  the  VERTE- 
brate  Animals.  By  RICHARD  OWEN,  F.R.S.  D.C.L.  With  1,472  Wood- 
cuts. 3  vols.  Svo.  £3  1 3s.  6d. 

The  FIRST  MAN  and  HIS  PLACE  in  CREATION,  considered  oa 
the  Principles  of  Common  Sense  from  a  Christian  Point  of  View.  By 
GEORGE  MOORE,  M.D.  Post  Svo.  8s.  6d. 

The  PRIMITIVE  INHABITANTS  of  SCANDINAVIA :  containing  a 
Description  of  the  Implements,  Dwellings,  Tombs,  and  Mode  of  Living  of 
the  Savages  in  the  North  of  Europe  during  the  Stone  Age.  By  SVEX 
NILSSON.  Translated  from  the  Third  Edition;  with  an  Introduction  by 
Sir  J.  LUBBOCK.  With  16  Plates  of  Figures  and  3  Woodcuts.  Svo.  ISs. 

BIBLE  ANIMALS ;  being  an  Account  of  the  various  Birds,  Beasts, 
Fishes,  and  other  Animals  mentioned  in  the  Holy  Scriptures.  By  the  Rev. 
J.  G.  WOOD,  M.A.  F.L.S.  Copiously  illustrated  with  Original  Designs,  made 
under  the  Author's  superintendence  and  engraved  on  Wood.  In  course  of 
publication  monthly,  to  be  completed  in  20  Parts,  price  Is.  each,  forming 
One  Volume,  uniform  with  'Homes  without  Hands.' 

HOMES  WITHOUT  HANDS :  a  Description  of  the  Habitations  of 
Animals,  classed  according  to  their  Principle  of  Construction.  By  Rev.  J. 
G.  WOOD,  M.A.  F.L.S.  With  about  140  Vignettes  on  Wood  (20  full  size  of 
page).  New  Edition.  Svo.  21s. 

MANUAL  of  CORALS  and  SEA  JELLIES.  By  J.  R.  GREENE,  B.A. 
Edited  by  JOSEPH  A.  GALBRAITH,  M.A.  and  SAMUEL  HAUGHTON,  M.D. 
Fcp.  with  39  Woodcuts,  5s. 

Manual  of  Sponges  and  Animalculae ;  with  a  General  Introduction 
on  the  Principles  of  Zoology.  By  the  same  Author  and  Editors.  Fcp.  with 
16  Woodcuts,  2s. 

Manual   of  the  Metalloids.     By  J.  APJOHN,  M.D.  F.R.S.  and  the 

same  Editors.    Revised  Edition.    Fcp.  with  38  Woodcuts,  7s.  6d. 

A  FAMILIAR  HISTORY  of  BIRDS.  By  E.  STANLEY,  D.D.  F.R.S. 
late  Lord  Bishop  of  Norwich.  Seventh  Edition,  with  Woodcuts.  Fcp.  3s.  6d» 
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The  HARMONIES  of  NATURE  and  UNITY  of  CREATION.     By  Dr. 

GEORGE  HARTWIG.    8vo.  with  numerous  Illustrations,  18s. 

The  Sea  and  its  Living  Wonders.  By  the  same  Author.  Third 
(English)  Edition.  8vo.  with  many  Illustrations,  21s. 

The  Tropical  World.     By  the  same  Author.    With   8  Chromoxylo- 

graphs  and  172  Woodcuts.    8vo.  21s. 
The  POLAR  WORLD  ;  a  Popular  Description  of  Man  and  Nature  in  the 

Arctic  and  Antarctic  Regions  of  the  Globe.     By  Dr.  GEORGE  HARTWIG. 

With  8  Chromoxylographs,  3  Maps,  and  85  Woodcuts.    8vo.  21s. 

CEYLON.  By  Sir  J.  EMERSON  TEXXENT,  K.C.S.  LL.D.  Fifth  Edition ; 
with  Maps,  &c.  and  90  Wood  Engravings.  2  vols.  8vo.  £2  10s.  , 

KIRBY  and  SPENCE'S  INTRODUCTION  to  ENTOMOLOGY,  or 
Elements  of  the  Natural  History  of  Insects.  7th  Edition.  Crown  Svo.  5s. 

MAUNDER' S  TREASURY  of  NATURAL  HISTORY,  or  Popular 
Dictionary  of  Zoology.  Revised  and  corrected  by  T.  S.  COBBOLD,  M.D. 
Pep.  with  900  Woodcuts.  10s.  Gd. 

The  TREASURY  of  BOTANY,  or  Popular  Dictionary  of  the  Vegetable 
Kingdom ;  including  a  Glossary  of  Botanical  Terms.  Edited  by  J.  LINDLEY, 
F.R.S.  and  T.  MOORE,  F.L.S.  assisted  by  eminent  Contributors.  Pp.  1,274, 
with  274  Woodcuts  and  20  Steel  Plates.  2  Parts,  fcp.  20s. 

The  ELEMENTS  of  BOTANY  for  FAMILIES  and  SCHOOLS. 
Tenth  Edition,  revised  by  THOMAS  MOORE,  F.L.S.  Pep.  with  154  Wood- 
cuts, 2s..  Gd. 

The  ROSE  AMATEUR'S  GUIDE.  By  THOMAS  RIVERS.  Twelfth 
Edition.  Fcp.  4s.  ! 

The  BRITISH  FLORA;  comprising  the  Phaenogamous  or  Flowering 
Plants  and  the  Ferns.  By  Sir  W.  J.  HOOKER,  K.H.  and  G.  A.  WALKER- 
ARNOTT,  LL.D.  12mo.  with  12  Plates,  14s.  or  coloured.  21s. 

LOUDON'S  ENCYCLOPAEDIA  of  PLANTS;  comprising  the  Specific 
Character,  Description,  Culture,  History,  &c.  of  all  the  Plants  found  in 
Great  Britain.  With  upwards  of  12,000  Woodcuts.  Svo.  42s. 

MAUNDER' S    SCIENTIFIC    and    LITERARY    TREASURY.      New 

Edition,  thoroughly  revised  and  in  great  part  re-written,  with  above  1,000 
new  Articles,  by  J.  Y.  JOHNSON,  Corr.  M.Z.S.  Fcp.  10s.  Gd. 
A  DICTIONARY  of  SCIENCE,  LITERATURE,  and  ART.  Fourth 
Edition,  re-edited  by  W.  T.  BRANDE  (the  Author),  and  GEORGE  W.  Cox,  M.A. 
assisted  by  contributors  of  eminent  Scientific  and  Literary  Acquirements. 
8  vols.  medium  Svo.  price  63s.  cloth. 

The  QUARTERLY  JOURNAL  of  SCIENCE.  Edited  by  JAMES 
SAMUELSON  and  AVILLIAM  CROOKES,  F.R.S.  Published  quarterly  in 
January,  April,  July,  and  October.  Svo.  with  Illustrations,  price  5s.  each 


Number. 


Chemistry,  Medicine,  Surgery,  and  the 

Allied  Sciences.  . 

A  DICTIONARY  of  CHEMISTRY  and  the  Allied  Branches  of  other 
Sciences.  By  HENRY  WATTS..  F.R.S.  assisted  by  eminent  Contributors. 
Complete  in  5  vols.  medium  Svo.  £7  3s. 


14  NEW  WORKS  PUBLISHED  BT  LONGMANS  AND  CO. 

ELEMENTS  of  CHEMISTRY,  Theoretical  and  Practical.  By  WILLIAM 
A.  MILLER,  MJX  LL.D.  F.R.S.  F.G.S.  Prof,  of  Chemistry,  King's  Coll. 
London.  3  vols.  8vo.  £3.  PART  I.  CHEMICAL  PHYSICS,  15s.  PART  II. 
INORGANIC  CHEMISTRY,  2is.  PART  III.  ORGANIC  CHEMISTRY,  24s. 

A  MANUAL  of  CHEMISTRY,  Descriptive  and  Theoretical.  By 
WILLIAM  ODLING,  M.B.  F.R.S.  PART  I.  8vo.  9s.  PART  II.  just  ready. 

A  Course  of  Practical  Chemistry,  for  the  use  of  Medical  Students. 
By  the  same  Author.  New  Edition,  with  70  Woodcuts.  Crown  8vo.  7s.  &d. 

Lectures  on  Animal  Chemistry,  delivered  at  the  Royal  College  of 
Physicians  in  1865.  By  the  same  Author.  Crown  8vo.  4s.  6d. 

HANDBOOK  of  CHEMICAL  ANALYSIS,  adapted  to  the  UNITARY 
System  of  Notation.  By  F.  T.  CONINGTON,  M.A.  F.C.S.  Post  8vo.  7s.  6d. 
— CONINGTON'S  Tables  of  Qualitative  Analysis,  price  2s.  6d. 

The  DIAGNOSIS,    PATHOLOGY,  and  TREATMENT  of  DISEASES 

of  Women;  including  the  Diagnosis  of  Pregnancy.    By  GRAILY  HEWITT, 
M.D.     Second  Edition,  enlarged ;  with  116  Woodcut  Illustrations.  8vo.  24s. 

LECTURES  on  the  DISEASES  of  INFANCY  and  CHILDHOOD.    By 

CHARLES  WEST,  M.D.  &c.    Fifth  Edition,  revised  and  enlarged.    8vo.  16s. 

A  SYSTEM  of  SURGERY,  Theoretical  and  Practical.  In  Treatises 
by  Various  Authors.  Edited  by  T.  HOLMES,  M.A.  &c.  Surgeon  and  Lecturer 
on  Surgery  at  St.' George's  Hospital,  and  Surgeon-in-Chief  to  the  Metro- 
politan Police.  4  vols.  8vo.  £4 13s. 

The  SURGICAL  TREATMENT  of  CHILDREN'S  DISEASES.  By 
T.  HOLMES,  M.A.  &c.  late  Surgeon  to  the  Hospital  for  Sick  Children. 
Second  Edition,  with  9  Plates  and  112  Woodcuts.  8vo.  21s. 

LECTURES  on  the  PRINCIPLES  and  PRACTICE  of  PHYSIC.     By 

Sir  THOMAS  WATSON,  Bart.  M.D.    New  Edition  in  preparation. 

LECTURES   on   SURGICAL    PATHOLOGY.     By  J.    PAGET,  F.R.S. 

Edited  by  W.  TURNER,  M.B.    New  Edition  in  preparation. 
On  CHRONIC  BRONCHITIS,  especially  as  connected  with  GOUT, 

EMPHYSEMA,   and   DISEASES   of  the  HEART.     By   E.   HEADLAM 

GREENHOW,  M.D.  F.R.C.P.  &c.    8vo.  7s.  6d. 

A  TREATISE  on  the  CONTINUED  FEVERS  of  GREAT  BRITAIN. 

By  C.  MURCHISON,  M.D.    New  Edition  in  preparation. 
CLINICAL  LECTURES  on  DISEASES  of  the  LIVER,  JAUNDICE, 
and  ABDOMINAL  DROPSY.    By  CHARLES  MURCHISON,  M.D.    Post  Svo. 
with  25  Woodcuts,  10s.  Gd. 

ANATOMY,  DESCRIPTIVE  and  SURGICAL.  By  HENRY  GRAY, 
F.R.S.  With  410  Wood  Engravings  from  Dissections.  New  .Edition,  by 
T.  HOLMES,  M.A.  Cantab.  Royal  Svo.  28s. 

The  THEORY  of  OCULAR  DEFECTS  and  of  SPECTACLES.  Trans- 
lated from  the  German  of  Dr.  H.  SCHEFFLER  by  R.  B.  CARTER,  F.R.C.S. 
With  Prefatory  Notes  and  a  Chapter  of  Practical  Instructions.  Post  Svo. 
7s.  6d. 

OUTLINES  of  PHYSIOLOGY,  Human  and  Comparative.  By  JOHN 
MARSHALL,  F.R.C.S.  Surgeon  to  the  University  College  Hospital.  2  vols. 
crown  Svo.  with  122  Woodcuts,  32s. 
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ESSAYS  on  PHYSIOLOGICAL  SUBJECTS.  By  GILBERT  W.  CHILD, 
M.D.  F.L.S.  F.C.S.  of  Exeter  College,  Oxford.  8vo.  5*. 

PHYSIOLOGICAL  ANATOMY  and  PHYSIOLOGY  of  MAN.  By  the 
late  R.  B.  TODP,  M.D.  F.R.S.  and  W.  BOWMAN,  F.R.S.  of  King's  College. 
With  numerous  Illustrations.  VOL.  II.  8vo.  25s. 

VOL.  I.  New  Edition  by  Dr.  LIONEL  S.  BEALE,  F.R.S.  in  course  of  publi- 
cation ;  PART  I.  with  8  Plates,  75.  Qd. 

COPLAND'S   DICTIONARY   of   PRACTICAL    MEDICINE,   abridged 

from  the  larger  work  and  throughout  brought  down  to  the  present  State 
of  Medical  Science.     Svo.  36s. 

The  WORKS  of  SIR  B.  C.  BRODIE,  Bart,  collected  and  arranged 
by  CHARLES  HAWKINS,  F.R.C.S.E.  3  vols.  Svo.  with  Medallion  and  Fac- 
simile, 48s. 

On  ANILINE  and  its  DERIVATIVES :  a  Treatise  on  the  Manufac- 
ture of  Aniline  and  Aniline  Colours.  By  M.  REIMANN,  Ph.D.  L.A.M.  To 
which  is  added  the  Report  on  the  Colouring  Matters  derived  from  Coal 
Tar  shewn  at  the  French  Exhibition  of  1867.  Edited  by  WILLIAM  CROOKES, 
F.R.S.  With  5  Woodcuts.  Svo.  10s.  Qd. 

A  MANUAL  of  MATERIA  MEDICA  and  THERAPEUTICS,  abridged 
from  Dr.  PEREIRA'S  Elements  by  F.  J.  FARRE,  M.D.  assisted  by  R.  BENTLEY, 
M.R.C.S.  and  by  R.  WARINGTON,  F.R.S.  Svo.  with  90  Woodcuts,  21*. 

THOMSON'S    CONSPECTUS    of    the   BRITISH   PHARMACOPEIA. 

25th  Edition,  corrected  by  E.  LLOYD  BIRKETT,  M.D.    18mo.  price  6s. 

MANUAL  of  the  DOMESTIC  PRACTICE  of  MEDICINE.     By  W.  B. 

KESTEVEN,  F.R.C.S.E.    Third  Edition,  revised,  with  Additions.    Fcp.  5s. 
GYMNASTS  and  GYMNASTICS.     By  JOHN  H.  HOWARD,  late  Pro- 
fessor of  Gymnastics,  Comm.  Coll.  Ripporiden.    Second  Edition,  revised 
and  enlarged,  with  135  Woodcuts.    Crown  Svo.  10s.  Qd. 


The  Fine  Arts,  and  Illustrated  Editions. 

MATERIALS  for  a  HISTORY  of  OIL  PAINTING.  By  Sir  CHARLES 
LOCKE  EASTLAKE,  sometime  President  of  the  Royal  Academy.  VOL.  II. 
Svo.  Us. 

HALF-HOUR  LECTURES  on  the  HISTORY  and  PRACTICE  of  the 

Fine  and  Ornamental  Arts.    By  WILLIAM  B.  SCOTT.    New  Edition,  revised 
by  the  Author ;  with  50  Woodcuts.    Crown  Svo.  8s.  Qd. 

LECTURES  on  the  HISTORY  of  MODERN  MUSIC,  delivered  at  the 
Royal  Institution.  By  JOHN  HULLAH.  FIRST  COURSE,  with  Chro- 
nological Tables,  post  Svo.  6s.  Qd.  SECOND  COURSE,  on  the  Transition 
Period,  with  40  Specimens,  Svo.  16s. 

SIX  LECTURES  on  HARMONY,  delivered  at  the  Eoyal  Institution 
of  Great  Britain  in.  the  Year  1867.  By  G.  A.  MACFARREN.  With  nume- 
rous engraved  Musical  Examples  and  Specimens.  Svo.  10s.  Qd. 

The  CHORALE  BOOK  for  ENGLAND:  the  Hymns  translated  by 
Miss  C.  WINKWORTH  5  the  .tunes  arranged  by  Prof.  W.  S.  BENNETT  and 
OTTO  GOLDSCHMIDT.  Fcp.  4to.  12s.  Qd, 

Congregational  Edition.    Fcp.  2s. 
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SACEED  MUSIC  for  FAMILY  USE ;  a  Selection  of  Pieces  for  One, 
Two,  or  more  Voices,  from  the  best  Composers,  Foreign  and  English. 
Edited  by  JOHN  HULLAH.  1  vol.  music  folio,  price  21s. 

The  NEW  TESTAMENT,  illustrated  with  Wood  Engravings  after  the 
Early  Masters,  chiefly  of  the  Italian  School.  Crown  4to.63s.  cloth,  gilt  top  ; 
or  £5  5s.  elegantly  bound  in  morocco. 

LYRA  GEEMANICA  ;  the  Christian  Year.  Translated  by  CATHERINE 
WnrKWOBTH  ;  with  125,  Illustrations  on  Wood  drawn  by  J.  LEIGHXON, 
F.S.A.  4to.  2ls. 

LYEA  GEEMANICA  ;  the  Christian  Life.    Translated  by  CATHERINE 

WINKWOETH  ;  with  about  200  Woodcut  Illustrations  by  J.  LEIGHTON,  F.S.A. 
and  other  Artists.    4to.  21s. 

The  LIFE  of  MAN  SYMBOLISED  by  the   MONTHS  of  the  YEAE. 

Text  selected  by  R.  PIGOT  ;  Illustrations  on  Wood  from  Original  Designs  by 
J.  LEIGHTON,  F.S.A.    4to.  42s. 

CATS'  and  FAELIE'S  MOEAL  EMBLEMS  ;  with  Aphorisms,  Adages, 
and  Proverbs  of  all  Nations.  121  Illustrations  on  Wood  by  J.  LEIGHTON, 
F.S.A.  Text  selected  by  R.  PIGOT.  Imperial  8vo.  31s.  6d. 

SHAKESPEAEE'S  MIDSUMMEE  NIGHT'S  DEEAM,  illustrated 
with  24  Silhouettes  or  Shadow-Pictures  by  P.  KONEWKA,  engraved  on  Wood 
by  A.  VOGEL.  Folio,  31s.  6d. 

SHAKSPEAEE'S  SENTIMENTS  and  SIMILES,  printed  in  Black  and 
Gold,  and  Illuminated  in  the  Missal  Style  by  HENRY  NOEL  HUMPHREYS. 
Square  post  8vo.  21s. 

SACEED  and  LEGENDAEY  AET.      By  Mrs.  JAMESON. 

Legends    of    the    Saints    and    Martyrs.      Fifth  Edition,    with   19 

Etchings  and  187  Woodcuts.    2  vols.  square  crown  8vo.  31s.  6d. 
Legends  of  the  Monastic  Orders.     Third  Edition,  with  11  Etchings 

and  88  Woodcuts.    1  vol.  square  crown  8vo.  21s. 
Legends  of  the  Madonna.     Third  Edition,  with  27  Etchings  and  165 

Woodcuts.    1  vol.  square  crown  8vo.  21s. 
The  History  of  Our  Lord,  with  that  of  his  Types  and  Precursors. 

Completed  by  Lady  EASTLAKE.     Revised  Edition,  with  31  Etchings  and 

281  Woodcuts.    2  vols.  square  crown  8vo.  42s. 


Arts,  Manufactures,  &c. 


DEAWING  from  NATUEE.  By  GEORGE  BARNARD,  Professor  of 
Drawing  at  Rugby  School.  With  18  Lithographic  Plates,  and  108  Wood 
Engravings.  Imperial  8vo.  price  25s.  Or  in  Three  Parts,  royal  8vo.  7s.  Qd. 
each. 

GWILT'S  ENCYCLOPEDIA  of  AECHITECTUEE,  with  above  1,100 
Engravings  on  Wood.  Fifth  Edition,  revised  and  enlarged  by  WYATT 
PAPWORTH.  Additionally  illustrated  with  nearly  400  Wood  Engravings  by 
O.  Jevitt,  and  more  than  100  other  new  Woodcuts.  8vo.  52s.  Qd. 
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ITALIAN  SCULPTORS  ;  being  a  History  of  Sculpture  in  Northern, 
Southern,  and  Eastern  Italy.  By  C.  (X  PERKINS.  With  SO  Etchings  and 
13  Wood  Engravings.  Imperial  8vo.  42s. 

TUSCAN  SCULPTORS,  their  Lives,  Works,  and  Times.  With  45 
Etchings  and  28  Woodcuts  from  Original  Drawings  and  Photographs.  By 
the  same  Author.  2  vols.  imperial  8vo.  63s. 

ORIGINAL  DESIGNS  for  WOOD-CARVING,  with  PRACTICAL  IN- 

structio;  is  in  the  Art.    By  A.  P.  B.    With  20  Plates  of  Illustrations  engraved- 

on  Wood.    4to.  18s. 
HINTS  on  HOUSEHOLD  TASTE  in  FURNITURE,   UPHOLSTERY, 

and  other  Details.    Ky  CHARLES  L.   EASTLAKE,   Architect.    With  about 

90  Illustrations.    Square  crown  8vo.  18s. 
The    ENGINEER'S    HANDBOOK;  explaining  the   Principles  which 

should  guide  the  Young  Engineer  in  the  Construction  of  Machinery.    By 

C.  S.  LOWNDES.    Post  8vo.  5s. 
The   ELEMENTS   of  MECHANISM.     By  T.   M.   GOODEVE,    M.A. 

Professor  of  Mechanics  at  the  R.  M.  Acad.  Woolwich.    Second  Edition, 

with  217  Woodcuts.    Post  8vo.  6s.  6d. 

LATHES  and  TURNING,  Simple,  Mechanical,  and  ORNAMENTAL. 
By  W.  HENRY  NORTHCOTT.  With  about  240  Illustrations  on,  Steel  and1 
Wood.  Svo.  18s. 

URE'S    DICTIONARY  of  ARTS,    MANUFACTURES,   and    MINES, 

Sixth  Edition,  chiefly  rewritten  and  greatly  enlarged  by  ROBERT  HUNT, 
F.R.S.  assisted  by  numerous  Contributors  eminent  in  Science  and  the  Arts, 
and  familiar  \vv.h  Manufactures.  With  above  2,000  Woodcuts.  3  vols.  me- 
dium Svo.  price  £4  14s.  6d. 

HANDBOOK  of  PRACTICAL  TELEGRAPHY,  published  Tvith  the 
sanction  of  the  Chairman  and  Directors  of  the  Electric  and  International 
Telegraph  Company,  and  adopted  by  the  Department  of  Telegraphs  for 
India.  By  R.  S.  CULLEY.  Third  Edition.  Svo.  1  -2s.  6d. 

ENCYCLOPAEDIA  of  CIVIL  ENGINEERING,  Historical,  Theoretical, 
and  Practical.  By  E.  CRESY,  C.E.  With  above  3,000  Woodcuts.  Svo.  42s. 

TREATISE  on  MILLS  and  MILLWORK.     By  W.  FAIRBAIRN,  C.E. 

Second  Edition,  with  18  Plates  and  &'22,  Woodcuts.    2  vols.  Svo.  32s. 
Useful  Information  for  Engineers.     By  the  same  Author.     FIRST, 

SECOND,  and  THIRD  SERIES,  with  many  Plates  and  Woodcuts.     3  vols. 

crown  Svo.  10s.  6rf.  each. 
The  Application  of  Cast  and  Wrought  Iron  to  Building  Purposes. 

By  the  same  Author.  Third  Edition,  with  6  Plates  and  118  Woodcuts.  Svo.  16s. 

IRON  SHIP  BUILDING,  its  History  and  Progress,  as  comprised  in  a 

Series  of  Experimental  Researches.   By  the  same  Author.   With  4  Plates  and 

130  Woodcuts.    Svo.  18s. 
A  TREATISE  on  the  STEAM  ENGINE,  in  its  various  Applications 

to  Mines,  Mills,  Steam  Navigation,  Railwaysand  Agriculture.  By  J.  BOURNE, 

C.E.   Eighth  Edition  ;  with  Portrait,  37  Plates,  anil  546  Woodcuts.    4to.  42s. 
Catechism    of    the    Steam   Engine,  in    its  various  Applications  to 

Mines,  Mills,  Steam  Navigation,   Railways,  and  Agriculture.    By  the  same 

Author.    With  89  Woodcuts.    Fcp.  6s. 
Handbook  of  the  Steam  Engine.     By  the  same  Author,  forming  a 

KEY  to  the  Catechism  of  the  Steam  Engine,  with  67  Woodcuts.    Fcp.  9s. 
C 
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A  TEEATISE  on  the  SCEEW  PROPELLER,  SCREW  VESSELS,  and 

Screw  Engines,  as  adapted  for  purposes  of  Peace  and  War ;  with  Notices 
of  other  Methods  of  Propulsion,  Tables  of  the  Dimensions  and  Performance 
of  Screw  Steamers,  and  detailed  Specifications  of  Ships  and  Engines,  By 
J.  BOURSE,  C.E.  Third  Edition,  with  54  Plates  and  287  Woodcuts.  4to.  63s. 

EXAMPLES  of  MODERN  STEAM,    AIR,  and    GAS    ENGINES   of 

the  most  Approved  Types,  as  employed  for  Pumping,  for  Driving  Machinery, 
for  Locomotion,  and  lor  Agriculture,  minutely  and  practically  described. 
Illustrated  by  Working  Drawings,  and  embodying  a  Critical  Account  of  all 
Projects  of  Recent  Improvement  in  Furnaces,  Boilers,  and  Engines.  By 
the  same  Author.  In  course  of  publication  monthly,  to  be  completed  in  24 
Parts,  price  2s.  Gd.  each,  forming  One  volume  4to.  with  about  50  Plates  and 
400  Woodcuts. 

A  HISTORY  of  the    MACHINE-WROUGHT    HOSIERY  and   LACE 

Manufactures.  By  WILLIAM  FELKIN,  F.L.S.  F.S.S.  Royal  8vo.  21s. 
PRACTICAL  TREATISE  on  METALLURGY,  adapted  from  the  last 
German  Edition  of  Professor  KEEL'S  Metallurgy  by  W.CEOOKES,F.R.S.  &c. 
and  E.  ROHKIG,  Ph.D.  M.E.  VOL.  I.  comprising  Lead,  Silver,  Zinc, 
Cadmium,  Tin.  Mercury,  Bismuth,  Antimony,  Nickel,  Arsenic,  Gold, 
Platinum,  and  Sulphur.  8vo.  with  207  Woodcuts,  31s.  Gd. 

MITCHELL'S  MANUAL  of  PRACTICAL  ASSAYING.  Third  Edi- 
tion, for  the  most  part  re-written,  with  all  the  recent  Discoveries  incor- 
porated, by  W.  CEOOKES,  F.R.S.  With  188  Woodcuts.  8vo.  28s. 

The  ART  of  PERFUMERY ;  the  History  and  Theory  of  Odours,  and 
the  Methods  of  Extracting  the  Aromas  of  Plants.  By  Dr.  PIESSE,  F.C.S. 
Third  Edition,  with  53  Woodcuts.  Crown  8vo.  10s.  Gd. 

Chemical,  Natural,  and  Physical  Magic,  for  Juveniles  during  the 
Holidays.  By  the  same  Author.  Third  Edition,  with  38  Woodcuts.  Fcp.  6s. 

LOUDON'S  ENCYCLOPAEDIA  of  AGRICULTURE:  comprising  the 
Laying-out,  Improvement,  and  Management  of  Landed  Property,  and  the 
Cultivation  and  Economy  of  the  Productions  of  Agriculture.  With  1,100 
Woodcuts.  8vo.  31s.  6d. 

London's  Encylopaedia  of  Gardening:  comprising  the  Theory  and 
Practice  of  Horticulture,  Floriculture,  Arboriculture,  and  Landscape  Gar- 
dening. With  1,000  Woodcuts.  8vo.  31s.  Gd. 

BAYLDON'S  ART  of  VALUING  RENTS  and  TILLAGES,  and  Claims 
of  Tenants  upon  Quitting  Farms,  both  at  Michaelmas  and  Lady -Day. 
Eighth  Edition,  revised  by  J.  C.  MORTON.  Svo.  10s.  Gd. 


Religious  and  Moral  Works. 

An  EXPOSITION  of  the  39  ARTICLES,  Historical  and  Doctrinal. 
By  E.  HAROLD  BROWNE,  D.D.  Lord  Bishop  of  Ely.  Seventh  Edit.  Svo.  16s. 

ARCHBISHOP  LEIGHTON'S  SERMONS  and  CHARGES.  With 
Additions  and  Corrections  from  MSS.  and  with  Historical  and  other  Illus- 
trative Notes  by  WILLIAM  WEST,  Incumbent  of  S.  Columba's,  Nairn. 
Svo.  15s. 

The  ACTS  of  the  APOSTLES ;  with  a  Commentary,  and  Practical  and 
Devotional  Suggestions  for  Readers  and  Students  of  the  English  Bible.  By 
the  Rev.  F.  C.  COOK,  M.A.  Canon  of  Exeter,  &c.  New  Edition.  Svo.  12s.  6d. 
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The  LIFE  and  EPISTLES  of  ST.  PAUL.  By  W.  J.  CONYBEARE, 
M.A.  late  Fellow  of  Trin.  Coll.Cantab.  and  the  Very  Rev.  J.  S.  HOWSON,  D.D. 
Dean  of  Chester. 

LIBRARY  EDITION,  with  all  the  Original  Illustrations,  Maps,  Landscapes 
on  Steel,  Woodcuts,  &c.  2  vols.  4to.  48s. 

INTERMEDIATE  EDITION,  with  a  Selection  of  Maps,  Plates,  and  Woodcuts. 
2  vols.  square  crown  Svo.  31s.  6d. 

PEOPLE'S  EDITION,  revised  and  condensed,  with  46  Illustrations  and 
Maps.  2  vols.  crown  8vo.  12s. 

The  VOYAGE  and  SHIPWRECK  of  ST.  PAUL;  with  Dissertations 
on  the  Life  and  Writings  of  St.  Luke  arid  the  Ships  and  Navigation  of  the 
Ancients.  By  JAMES  SMITH,  F.R.S.  Third  Edition.  Crown  Svo.  10s.  Qd. 

The  NATIONAL  CHURCH;  HISTORY  and  PRINCIPLES  of  the 
CHURCH  POLITY  of  ENGLAND.  By  D.  MOUNTFIELD,  M.A.  Rector 
of  Newport,  Salop.  Crown  Svo.  4s.  ••  '  .V 

EVIDENCE  of  the  TRUTH  of  the  CHRISTIAN  RELIGION  derived 

from  the  Literal  Fulfilment  of  Prophecy.  By  ALEXANDER  KEITH,  D.D. 
37th  Edition,  with  numerous  Plates,  in  square  8vo.  12s.  6rf. ;  also  the  39th 
Edition,  in  post  Svo.  with  5  Plates,  6s. 

The  HISTORY  and  DESTINY  of  the  WORLD  and  of  the  CHURCH. 

according  to  Scripture.  By  the  same  Author.  Square  Svo.  with  40 
Illustrations,  10s. 

A  CRITICAL  and  GRAMMATICAL  COMMENTARY  on  ST.  PAUL'S 

Epistles.    By  C.  J.  ELLICOTT,  D.D.  Lord  Bishop  of  Gloucester  &  Bristol.  Svo. 

Galatians,  Fourth  Edition,  8s.  6d. 

Ephesians,  Fourth  Edition,  Ss.  6d. 

Pastoral  Epistles,  Fourth  Edition,  10s.  6d. 

Philippians,  Colossians,  and  Philemon,  Third  Edition,  10s.  6d. 

Thessalonians,  Third  Edition,  7s.  Qd. 

Historical  Lectures  on  the  Life  of  our  Lord  Jesus  Christ :  being  the 

Hulsean  Lectures  for  1859.    By  the  same  Author.    Fourth  Edition.    Svo. 

price  10s.  6d. 

An  INTRODUCTION  to   the  STUDY   of   the  NEW  TESTAMENT, 

Critical,  Exegetical,  and  Theological.  By  the  Rev.  S.  DAVIDSON,  D.D. 
LL.D.  2  vols.  Svo.  30s. 

Rev.  T.  H.  HORNE'S    INTRODUCTION   to    the  CRITICAL  STUDY 

and  Knowledge  of  the  Holy  Scriptures.  Twelfth  Edition,  as  last  revised 
throughout  and  brought  up  to  the  existing  state  of  Biblical  Knowledge 
under  careful  Editorial  revision.  With  4  Maps  and  22  Woodcuts  and  Fac- 
similes. 4  vols.  Svo.  42s. 

Rev.  T.  H.  Home's  Compendious  Introduction  to  the  Study  of  the 

Bible,  being  an  Analysis  of  the  larger  work  by  the  same  Author.  Re-edited 
by  the  Rev.  JOHN  AYRE,  M.A.  With  Maps,  &c.  Post  Svo.  6s. 

EWALD'S  HISTORY  of  ISRAEL  to  the  DEATH  of  MOSES.  Trans- 
lated from  the  German.  Edit<  d,  with  a  Preface  and  an  Appendix, by  RUSSELL 
MARTINEAU,  M.A.  Prof,  of  Hebrew  in  Manchester  New  Coll.  London. 
Second  Edition,  continued  to  the  commencement  of  the  Monarchy.  2  vols. 
Svo.  24s.  VOL.  II.  comprising  Joshua  and  Judges,  for  Purchasers  of  the 
First  Edition,  9s. 
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The  TREASURY  of  BIBLE  KNOWLEDGE;  being  a  Dictionary  of  the 
Books,  Persons,  Places,  Events,  and  other  matters  of  which  mention  is  made 
in  Holy  Scripture.  By  Rev.  J.  AYEE,  M.A.  With  Maps,  16  Plates,  and 
numerous  Woodcuts.  Fcp.  105.  6d. 

The  GREEK  TESTAMENT;  with  Notes,  Grammatical  and  Exegetical. 
By  the  Rev.  W.  WEBSTEE,  M.A.  and  the  Rev.  W.  F.  WILKINSON,  M.A. 
2  vols.  8vo.  £2  4s. 

VOL.  I.  the  Gospels  and  Acts,  20s. 

VOL.  II.  the  Epistles  and  Apocalypse,  24s. 

The  CHURCHMAN'S  DAILY  REMEMBRANCER  of  DOCTRINE 
and  DUTY :  consisting  of  Meditations  taken  from  the  Writings  of  Standard 
Divines  from  the  Early  Days  of  Christianity  to  the  Present  Time:  with  a 
Preface  by  W.  R.  FEEMANTLE,  M.A.  New  Edition.  Fcp.  8vo.  6s. 

EV.ERY-DAY  SCRIPTURE  DIFFICULTIES  explained  and  illustrated. 
By  J.  E.PEESCOTT,  M.A.  VOL. I.  Matthew  and  Mark-,  VOL.  II.  Luke  and 
John.  2  vols.  8vo.  9s.  each. 

The  PENTATEUCH  and  BOOK  of  JOSHUA  CRITICALLY  EXAMINED. 

By  the  Right  Rev.  J.  W.  COLENSO,  D.D.  Lord  Bishop  of  Natal.  People's 
Edition,  in  1  vol.  crown  Svo.  6s.  or  in  5  Parts,  Is.  each. 

The  CHURCH  and  the  WORLD  :  Three  Series  of  Essays  on  Questions 
of  the  Day.  By  Various  Writers.  Edited  by  the  Rev.  DEBT  SHIPLEY, 
M.A.  FIEST  SERIES,  Third  Edition,  15s.  SECOND  SERIES,  Second  Edition' 
15s.  THIED  SERIES,  1868,  price  15s.  3  vols.  Svo.  45s. 

The  FORMATION  of  CHRISTENDOM.  By  T.  W.  ALLIEF.  PARTS  I. 
and  II.  Svo.  price  12s.  each  Part. 

ENGLAND  and  CHRISTENDOM.     By  ARCHBISHOP  MANNING,  D.D. 

Post  Svo.  price  10s.  &d. 

CHRISTENDOM'S  DIVISIONS,  PART  I.,  a  Philosophical  Sketch  of 
the  Divisions  of  the  Christian  Family  in  East  and  West.  By  EDMUND  S. 
FFOULKES.  Post  Svo.  price  7s.  6d. 

Christendom's  Divisions,  PART  II.  Greeks  and  Latins,  being  a  His- 
tory of  their  Dissensions  and  Overtures  for  Peace  down  to  the  Reformation. 
By  the  same  Author.  Post  Svo.  15s. 

The  WOMAN  BLESSED  hy  ALL    GENERATIONS;    or,    Mary  the 

Object  of  Veneration,  Confidence,  and  Imitation  to  all  Christians.  Bv  the 
Rev.  R.  MELIA,  D.D.  P.S.M.  With  78  Illustrations.  Svo.  15s. 

LIFE    of   the   BLESSED   VIRGIN;    the   FEMALL    GLORY,       By 

ANTHONY  STAFFORD.  Together  with  the  Apology  of  the  Author,  and  an 
Essay  on  the  Cultus  cf  the  Blessed  Virgin  Mary.  Fourth  Edition,  with 
Facsimiles  of  the  5  Original  Illustrations.  Edited  by  the  Rev.  OEBY 
SHIPLEY,  M.A.  Fcp.  Svo.  10s.  Gd. 

CELEBRATED  SANCTUARIES  of  the  MADONNA.     By  the  Rev.  J. 

SPENCER  NOETHCOTE,  D.D.    Post  Svo.  6s.  6d. 

The  HIDDEN  WISDOM  of  CHRIST  and  the  KEY  of  KNOWLEDGE  ; 

or,  History  of  the  Apocrypha.    By  EENEST  DE  BUNSEN.    2  vols.  Svo.  2Ss. 
The  KEYS  of  ST.  PETER ;  or,  the  House  of  Rechab,  connected  with 
the  History  of  Symbolism  and  Idolatry.    By  the  same  Author.    Svo.  14s. 
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The  TYPES  of  GENESIS,  briefly  considered  as  Revealing  the 
Development  of  Human  Nature.  By  ANDREW  JUKES.  Second  Edition. 
Crown  8vo.  7s.  6d. 

The  Second  Death  and  the  Eestitution  of  All  Things,  with  some 
Preliminary  Remarks  en  the  Nature  and  Inspiration  of  Holy  Scripture. 
By  the  same  Author.  Second  Edition.  Crown  8vo.  3s.  Qd. 

ESSAYS  and  REVIEWS.  By  the  Rev.  W.  TEMPLE,  D.D.  the  Rev. 
R.  WILLIAMS,  B.D.  the  Rev.  B.  POWELL,  M.A.  the  Rev.  H.  B.  WILSON, 
B.D.  C.  W.  GOODWIN,  M.A.  the  Rev.  M.  PATTISON,  B.D.  and  the  Rev.  B. 
JOWETT,  M.A.  Twelfth  Edition.  Fcp.  8vo.  5s. 

The  POWER  of  the  SOUL  over  the  BODY.  By  GEORGE  MOORE, 
M.D.  M.R.C.P.L.  &c.  Sixth  Edition.  Crown  8vo.  8s.  Qd. 

PASSING  THOUGHTS  on  RELIGION.    By  ELIZABETH  M.  SEWELL, 

Author  of '  Amy  Herbert.'    New  Edition.    Fcp.  8vo.  5s. 
Self-Examination  before  Confirmation.    By  the  same  Author.    32mo. 

price  Is.  Qd. 
Readings  for  a  Month  Preparatory  to  Confirmation,  from  Writers 

of  the  Early  and  English  Church.    By  the  same  Author.    Pep.  4s. 
Readings  for  Every  Day  in  Lent,  compiled   from   the  Writings   of 

Bishop  JEREMY  TAYLOR.    By  the  same  Author.    Fcp.  5s. 

Preparation  for  the  Holy  Communion;  the  Devotions  chiefly  from 
the  works  of  JEREMY  TAYLOR.  By  the  same.  32mo.  3s. 

PRINCIPLES  of  EDUCATION  Drawn  from  Nature  and  Revelation, 

and  applied  to  Female  Education  in  the  Upper  Classes.    By  the  Author 
of  '  Amy  Herbert.'    2  vols.  fcp.  12s.  Qd. 

The  WIFE'S  MANUAL;  or,  Prayers,  Thoughts,  and  Songs  on  Several 
Occasions  of  a  Matron's  Life.  By  the  Rev.  W.  CALVERT,  M.A.  Crown  8vo. 
price  10s.  Qd. 

SINGERS  and  SONGS  of  the  CHURCH  :  being  Biographical  Sketches 
of  the  Hymn- Writers  in  all  the  principal  Collections;  with  Notes  on  their 
Psalms  and  Hymns.  By  JOSIAH  MILLER,  M.A.  New  Edition,  enlarged. 
Crown  8vo.  [Nearly  ready. 

<  SPIRITUAL  SONGS '  for  the  SUNDAYS  and  HOLIDAYS  through- 
out  the  Year.  By  J.  S.  B.  MONSELL,  LL.D.  Vicar  of  Egham  and  Rural  Dean. 
Fourth  Edition,  Sixth  Thousand.  Fcp.  4s.  Qd. 

The  Beatitudes :  Abasement  before  God  ;  Sorrow  for  Sin  ;  Meekness 
of  Spirit ;  Desire  for  Holiness  ;  Gentleness ;  Purity  of  Heart ;  the  Peace- 
makers ;  Sufferings  for  Christ.  By  the  same.  Third  Edition.  Fcp.  3s.  Qd. 

His  PRESENCE— not  his  MEMORY,  1855.     By  the  same  Author, 

in  Memory  of  his  SON.    Sixth  Edition.    16mo.  Is. 

LYRA  DOMESTICA;  Christian  Songs  for  Domestic  Edification. 
Translated  from  the  Psaltery  and  Harp  of  C.  J.  P.  SPITTA,  and  from  other 
sources,  by  RICHARD  MASSIE.  FIRST  and  SECOND  SERIES,  fcp.  4s.  Qd.  each. 

LYRA  GERMANICA,  translated  from  the  German  by  Miss  C.  WINK- 
WORTH.  FIRST  SERIES,  Hymns  for  the  Sundays  and  Chief  Festivals. 
SECOND  SERIES,  the  Christian  Life.  Fcp.  3s.  Qd.  each  SERIES. 
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LYRA  ETJCHAEISTICA ;  Hymns  and  Verses  on  the  Holy  Communion, 
Ancient  and  Modern :  with  other  Poems.  Edited  by  the  Rev.  ORBY  SHIP- 
LEY,  M.A.  Second  Edition.  Pep.  7s.  6d. 

Lyra  Messianica ;  Hymns  and  Verses  on  the  Life  of  Christ,  Ancient 
and  Modern;  with  other  Poems.  By  the  same  Editor.  Second  Edition, 
altered  and  enlarged.  Fcp.  7s.  Qd. 

lyra  Mystica ;  Hymns  and  Verses  on  Sacred  Subjects,  Ancient  and 
Modern.  By  the  same  Editor.  Fcp.  7s.  6d. 

ENDEAVOURS  after  the  CHRISTIAN  LIFE:  Discourses.  By 
JAMES  MARTINEAU.  Fourth  and  cheaper  Edition,  carefully  revised ;  the 
Two  Series  complete  in  One  Volume.  Post  8vo.  7s.  Qd. 

WHATELY'S    Introductory  Lessons  on  the   Christian  Evidences. 

I8mo.  6d. 
INTRODUCTORY     LESSONS    on    the    HISTORY    of    RELIGIOUS 

Worship;  being  a  Sequel  to  th<;  'Lessons  on  Christian  Evidences.'    By 
RICHARD  WHATELY,  D.D.   New  Edition.    18mo.  2s.  6d. 
BISHOP    JEREMY   TAYLOR'S    ENTIRE   WORKS.    With  Life    by 
BISHOP  HEBEK.    Revised  and  corrected  by  the  Rev.  C.  P.  EDEN,  10  vols. 
price  £5  5s. 


Travels,  Voyages,  &c. 


SIX  MONTHS  in  INDIA.  By  MARY  CARPENTER.  2  vols.  post  8vo. 
with  Portrait,  18s. 

NARRATIVE  of  the  EUPHRATES  EXPEDITION  carried  on  by 
Order  of  the  British  Government  during  the  years  1835,  1836,  and  1837. 
By  General  F.  R.  CHESNEY,  F.R.S.  With  2  Maps,  45  Plates,  and  1G  Wood- 
cuts. 8vo.  24s. 

The  NORTH-WEST  PENINSULA  of  ICELAND ;  being  the  Journal 
of  a  Tour  in  Iceland  in  the  Summer  of  1862.  By  C.  W.  SHEPHERD,  M.A. 
F.Z.S.  With  a  Map  and  Two  Illustrations.  Fcp.  8vo.  7s.  6d. 

PICTURES  in  TYROL  and  Elsewhere.  From  a  Family  Sketch-Book. 
By  the  Authoress  of « A  Voyage  en  Zigzag,'  &c.  Second  Edition.  Small  4to. 
with  numerous  Illustrations,  21s.  '<  $  >.:'.. 

HOW  WE  SPENT  the  SUMMER ;  or,  a  Voyage  en  Zigzag  in  Switzer- 
land and  Tyrol  with  some  Members  of  the  ALPINE  CLUB.  From  the  Sketch- 
Book  of  one  of  the  Party.  In  oblong  4to.  with  300  Illustrations,  15s. 

BEATEN  TRACES ;  or,  Pen  and  Pencil  Sketches  in  Italy.  By  the 
Authoress  of '  A  Voyage  en  Zigzag.'  With  42  Plates,  containing  about  200 
Sketches  from  Drawings  made  on  the  Spot.  8vo.  16s. 

MAP  of  the  CHAIN  of  MONT  BLANC,  from  an  actual  Survey  in 
1863—1864.  By  A.  ADAMS-REILLY,  F.R.G.S.  M.A.C.  Published  under  the 
Authority  of  the  Alpine  Club.  In  Chromolithography  on  extra  stout 
drawing-paper  28in.  x  I7in.  price  10s.  or  mounted  on  canvas  in  a  folding 
case,  12s.  6d. 

HISTORY   of    DISCOVERY  in   our  AUSTRALASIAN    COLONIES, 

Australia,  Tasmania,  and  New  Zealand,  from  the  Earliest  Date  to  the 
Present  Day.   By  WILLIAM  HOWITT.   2  vols.  8vo.  with  3  Maps,  20s. 
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The  CAPITAL  of  the  TYCOON ;  a  Narrative  of  a  Three  Years'  Resi- 
dence in  Japan.  By  Sir  RUTHERFORD  ALCOCK,  K.C.B.  2  vols.  8vo.  with 
numerous  Illustrations,  42s. 

The  DOLOMITE  MOUNTAINS  ;  Excursions  through  Tyrol,  Carinthia, 
Carniola,  and  Friuli,  1861-1863.  By  J.  GILBERT  and  G.  C  CHURCHILL, 
F.R.G.S.  With  numerous  Illustrations.  Square  crown  Svo.  21s. 

GUIDE  to  the  PYRENEES,  for  the  use  of  Mountaineers.  By 
CHARLES  PACKE.  2d  Edition,  with  Map  and  Illustrations.  Cr.  Svo.  7s.  Qd. 

The  ALPINE  GUIDE.  By  JOHN  BALL,  M.R.I.A.  late  President  of 
the  Alpine  Club.  3  vols.  post  Svo.  with  Maps  and  other  Illustrations:— 

Guide  to  the  Eastern  Alps,  price  10s.  6c?. 

Guide  to  the  Western  Alps,  including  Mont  Blanc,  Monte  Rosa, 
Zermatt,  &c.  Price  6s.  6d. 

Guide  to  the  Central  Alps,  including  all  the  Oberland  District.    7s.  Gd. 

Introduction  on  Alpine  Travelling  in  General,  and  on  the  Geology 

of  the  Alps,  price  Is.  Each  of  the  Three  Volumes  or  Parts  of  the  Alpine 
Guide  may  be  had  with  this  INTRODUCTION  prefixed,  price  Is.  extra. 

NARRATIVES  of  SHIPWRECKS  of  the  ROYAL  NAVY  between  1793 
and  1857,  compiled  from  Official  Documents  in  the  Admiralty  by  W.  O.  S. 
GILLT  ;  with  a  Preface  by  W.  S.  GILLY,  D.D.  Third  Edition.  Fcp.  5s. 

TRAVELS  in    ABYSSINIA   and  the  GALLA    COUNTRY;    with  an 

Account  of  a  Mission  to  Ras  All  in  1S4S.  From  the  MSS.  of  the  late  WALTER 
CHICHELE  PLOWDEN,  Her  Britannic  Mnjesty's  Consul  in  Abyssinia.  Edited 
by  his  Brother  TREVOR  CHICHELE  PLOWDEN.  With  Two  Maps.  Svo.  18s. 

MEMORIALS  of  LONDON  and  LONDON    LIFE  in  the   13th,  14th, 

and  15th  Centuries  ;  being  a  Series  of  Extracts,  Local,  Social,  and  Political, 
from  the  Archives  of  the  City  of  London.  A.D.  1276-1419.  Selected, 
translated,  and  edited  by  H.  T.  RILEY,  M.A.  Royal  Svo.  21s. 

COMMENTARIES  on  the  HISTORY,  CONSTITUTION,  and  CHAR- 
TERED  FRANCHISES  of  the  CITY  of  LONDON.  By  GEORGE  NORTON, 
formerly  one  of  the  Common  Pleaders  of  the  City  of  London.  Third  Edition. 
Svo.  14s. 

CURIOSITIES  of  LONDON;  exhibiting  the  most  Rare  and  Remarkable 
Objects  of  Interest  in  the  Metropolis;  with  nearly  Sixty  Years'  Personal 
Recollections.  By  JOHN  TIMES,  F.S.A.  Now  Edition,  corrected  and  en- 
larged. 8vo.  with  Portrait,  21s. 

The  NORTHERN  HEIGHTS  of  LONDON  ;  or,  Historical  Associations 
of  Hampstead,  Highgate,  Muswell  Hill,  Hornsey,  and  Islington.  By 
WILLIAM  HOWITT.  With  about  40  Woodcuts.  Square  crown  Svo.  21s. 

VISITS  to  REMARKABLE  PLACES :  Old  Halls,  Battle-Fields,  and 
Scenes  Illustrative  of  Striking  Passages  in  English  History  and  Poetry. 
By  WILLIAM  HOWITT.  2  vols.  square  crown  Svo.  with  "Woodcuts,  25s. 

The  RURAL  LIFE  of  ENGLAND.  By  the  same  Author.  With 
Woodcuts  by  Bewick  and  Williams.  Medium  Svo.  12s.  6d. 

The  IRISH  in  AMERICA.    By  JOHN  FRANCIS  MAGUIRE,  M.P.  for 

Cork.    Post  Svo.  12s.  Qd. 
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ROMA  SOTTERRANEA ;  or,  an  Account  of  the  Roman  Catacombs, 
and  especially  of  the  Cemetery  of  St.  Callixtus.  Compiled  from  the  Works 
of  Commendatore  G.  B.  DE  Rossi,  with  the  consent  of  the  Author,  by  the 
Rev.  J.  S.  NORTHCOTE,  D.D.  and  the  Rev.  W.  B.  BROWNLOW.  With 
numerous  Engravings  on  Wood,  10  Lithographs,  10  Plates  in  Chrome- 
lithography,  and  an  Atlas  of  Plans,  all  executed  in  Rome  under  the  Author's 
superintendence  for  this  Translation.  1  vol.  8vo.  [Nearly  ready. 


Works  of  Fiction. 

The  WARDEN:  a  Novel.  By  ANTHONY  TROLLOPE.  Crown  8vo.  2s.  6e?. 
Barchester  Towers  :  a  Sequel  to  *  The  Warden.'     Crown  8vo.  3s.  Sd. 

STORIES  and  TALES  by  ELIZABETH  M.  SEWELL,  Author  of   '  Amy 
Herbert,'  uniform  Edition,  each  Tale  or  Story  complete  in  a  single  Volume. 


AMY  HERBERT,  2s.  Gd. 
GERTRUDE,  2s.  Qd. 
EARL'S  DAUGHTER,  2s.  Gd. 
EXPERIENCE  OP  LIFE,  2s.  Gd. 
CLEVE  HALL,  3s.  Gd. 


IVORS,  3s.  Gd. 
•KATHARINE  ASHTON,  3s.  Gd. 
MARGARET  PERCIVAL,  5s. 
LANETON  PARSONAGE,  4s.  Gd. 
URSULA,  4s.  Gd. 


A  Glimpse  of  the  World.    By  the  Author  of  'Amy  Herbert.'  Fcp.  7s.  fid. 
The  Journal  of  a  Home  Life.    By  the  same  Author.    Post  8vo.  9s.  &d. 
After  Life  ;  a  Sequel  to  '  The  Journal  of  a  Home  Life.'     Price  10s.  6d. 
UNCLE  PETER'S  FAIRY  TALE  for  the  XIX  CENTURY.     Edited 

by  E.  M.  SEWELL,  Author  of  'Amy  Herbert,'  &o.    Fcp.  8vo.  7s.  Gd. 
BECKER'S  GALLUS  ;  or,  Roman   Scenes  of  the  Time  of  Augustus  : 

with  Notes  and  Excursuses.    New  Edition.    Post  8vo.  7s.  Gd. 

BECKER'S  CHARICLES;  a  Tale  illustrative  of  Private  Life  among  the 
Ancient  Greeks :  with  Notes  and  Excursuses.  New  Edition.  Post  8vo.  7s.  Gd. 

NOVELS  and  TALES  by  G.  J.  WHYTE  MELVILLE  :— 


The  GLADIATORS,  5s. 
DIGBY  GRAND,  5s. 
KATE  COVENTRY,  5s. 
GENERAL  BOUNCE,  5s. 


HOLMBY  HOUSE.  5s. 
GOOD  FOR  NOTHING,  6s. 
The  QUEEN'S  MARIES,  6s. 
The  INTERPRETER,  5s. 


TALES  of  ANCIENT  GREECE.  By  GEORGE  W.  Cox,  M.A.  late 
Scholar  of  Trin.  Coll.  Oxon.  Being  a  Collective  Edition  of  the  Author's 
Classical  Stories  and  Tales,  complete  in  One  Volume.  Crown  8vo.  6s.  Gd. 

A  MANUAL  of  MYTHOLOGY,  in  the  form  of  Question  and  Answer. 
By  the  same  Author.  Fcp.  3s. 


Poetry  and  The  Drama. 


THOMAS  MOORE'S  POETICAL  WORKS,  the  only  Editions  contain- 
ing the  Author's  last  Copyright  Additions  :— 
SHAMROCK  EDITION,  crown  8vo.  price  3s.  Gd. 
RUBY  EDITION,  crown  8vo.  with  Portrait,  price  6s. 
PEOPLE'S  EDITION,  square  crown  8vo.  with  Portrait,  &c.  l?s.  Gd. 
LIBRARY  EDITION,  medium  8vo.  Portrait  and  Vignette,  14s. 
CABINET  EDITION,  10  vols.  fcp.  8vo.  price  35s. 
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MOORE'S  IRISH  MELODIES,  Maclise's  Edition,  with  161  Steel  Plates 
from  Original  Drawings.  Super-royal  8vo.  31s.  Gd. 

Miniature  Edition  of  Moore's  Irish  Melodies  with  Maclise's  De- 
signs (as  above)  reduced  in  Lithography.  Imp.  16mo.  10s.  Gd. 

MOORE'S  LALLA  ROOKH.  Tenniel's  Edition,  with  68  Wood 
Engravings  from  original  Drawings  and  other  Illustrations.  Fcp.  4to.  21s. 

SOTTTHEY'S  POETICAL  WORKS,  with  the  Author's  last  Corrections 
and  copyright  Additions.  Library  Edition,  in  1  vol.  medium  8vo.  with 
Portrait  and  Vignette,  14?.  or  in  10  vols.  fcp.  3s.  Gd.  each. 

LAYS  of  ANCIENT  ROME ;  with  Ivry  and  the  Armada.  By  the 
Right  Hon.  LORD  MACAULAT.  16mo.  4s.  Gd. 

Lord  Macaulay's  Lays  of  Ancient  Rome.  "With  90  Illustrations  on 
Wood,  from  the  Antique,  from  Drawings  by  G.  SCHAEF.  Fcp.  4to.  21s. 

Miniature  Edition  of  Lord  Macaulay's  Lays  of  Ancient  Rome, 
with  the  Illustrations  (as  above)  reduced  in  Lithography,  Imp.  16mo.  10s.  6d. 

GOLDSMITH'S  POETICAL  WORKS,  with  Wood  Engravings  from 
Designs  by  Members  of  the  ETCHING  CLUB.  Imperial  16mo.  7s.  Gd. 

MEMORIES  of  some  CONTEMPORARY  POETS ;  with  Selections  from 
their  Writings.  By  EMILY  TATLOK.  Royal  18mo.  5s. 

POEMS.     By  JEAN  INGELOW.     Thirteenth  Edition.     Fcp.  8vo.  5s. 

POEMS  hy  Jean  Ingelow.  With  nearly  100  Illustrations  by  Eminent 
Artists,  engraved  on  Wood  by  the  Brothers  DALZIEL.  Fcp.  4to.  21s. 

A  STORY  of  DOOM,  and  other  Psems.     By  JEAN  INGELOW.    Fcp.  5s. 

POETICAL   WORKS  of  LETITIA  ELIZABETH   LANDON  (L.E.L.). 

2  vols.  16mo.  10s. 

BOWDLER'S  FAMILY  SHAKSPEARE,  cheaper  Genuine  Edition, 
complete  in  1  vol.  large  type,  w_ith  36  Woodcut  Illustrations,  price  14s.  or 
with  the  same  ILLUSTRATIONS,  in  6  pocket  vols.  3s.  Gd.  each. 

HORATII  OPERA,  Pocket  Edition,  with  carefully  corrected  Text, 
Marginal  References,  and  Introduction.  Edited  by  the  Rev.  J.  E. 
YONGE,  M.A.  Square  18mo.  4s.  Gd. 

HORATII  OPERA.  Library  Edition,  with  Marginal  References  and 
English  Notes.  Edited  by  the  Rev.  J.  E.  YONGE.  8vo.  2  Is. 

The  JENEID  of  VIRGIL  Translated  into  English  Verse.     By  JOHN 

CONINGTON,  M.A.    Crown  8vo.  9s. 
ARUNDINES  CAMI,  sive  Musarum  Cantabrigiensium  Lusus  canori. 

Collegit  atque  edidit  H.  DEUEY,  M.A.    Editio  Sexta,  curavit  H.  J.  HODGSON, 

M.A.    Crown  8vo.  7s.  Gd. 

EIGHT  COMEDIES  of  ARISTOPHANES,  viz.  the  Acharnians,  Knights, 

Clouds,  Wasps,  Peace,  Birds,  Frogs,  and  Plutus.    Translated  into  Rhymed 

Metres  by  LEONARD  HAMPSON  RUDD,  M.A.    8vo.  15s. 
PLAYTIME  with  the  POETS  :  a  Selection  of  the  best  English  Poetry 

for  the  use  of  Children.    By  a  LADY.    Revised  Edition.    Crown  8vo.  5s. 
The  HOLY  CHILD:  a  Poem  in  Four  Cantos;  also  an  Ode  to  Silence, 

and  other  Poems.    By  STEPHEN  JENNEE,  M.A.    Fcp.  8vo.  5s. 
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The  ILIAD  of  HOMER  TRANSLATED  into  BLANK  VERSE.     By 

ICHABOD  CHARLES  WEIGHT,  M.A.    2  vols.  crown  8vo.  21s. 

The  ILIAD  of  HOMER  in  ENGLISH  HEXAMETER  VERSE.  By 
J.  HENEY  DAET,  M.A.  of  Exeter  Coll.  Oxford.  Square  crown  8vo.  21s. 

The  ODYSSEY  of  HOMER.  Translated  into  Blank  Verse  by  G.  W. 
EDGINTON,  Licentiate  in  Medicine.  Dedicated  by  permission  to  Edward 
Earl  of  Derby.  VOL.  I.  8vo.  with  Map,  10s.  Qd. 

DANTE'S  DIVINE  COMEDY,  translated  in  English  Terza  Rima  by 
JOHN  DAYMAN,  M.A.  [With  the  Italian  Text,  after  Brunetti,  interpaged.] 
8vo.  21s. 

HUNTING    SONGS    and    MISCELLANEOUS    VERSES.      By  K.  E. 

EGEETON  WAEBUETON.    Second  Edition.    Fcp.  8vo.  5s. 

An  OLD  STORY,  and  other  Poems.  By  ELIZABETH  D.  CROSS. 
Second  Edition.  Fcp.  8vo.  3s.  Qd. 

The  THREE  FOUNTAINS,  a  Faery  Epic  of  Euboea ;  with  other 
Verses.  By  the  Author  of  '  The  Afterglow.'  Fcp.  8vo.  3s.  6d. 

The  Afterglow  ;  Songs  and  Sonnets  for  my  Friends.  By  the  Author 
of '  The  Three  Fountains.'  Second  Edition.  Fcp.  8vo.  5s. 

The  SILVER  STORE  collected  from  Mediaeval  Christian  and  Jewish 
Mines.  By  the  Rev.  SABINE  BAEING-GOULD,  M.A.  Crown  8vo.  6s. 


Rural  Sports,  &c. 

ELAINE'S  ENCYCLOPAEDIA  of  RURAL  SPORTS ;  Hunting,  Shoot- 
ing, Fishing,  Racing,  &c.  With  above  600  Woodcuts  (20  from  Designs  by 
JOHN  LEECH).  8vo.  42s. 

Col.  HAWKER'S    INSTRUCTIONS  to  YOUNG    SPORTSMEN  in  all 

that  relates  to  Guns  and  Shooting.    Revised  by  the  Author's  SON.     Square 
crown  8vo.  with  Illustrations,  18s. 

The  DEAD  SHOT,  or  Sportsman's  Complete  Guide ;  a  Treatise  on 
the  Use  of  the  Gun,  Dog-breaking,  Pigeon- shooting,  &c.  By  MAEKSMAN. 
Bevised  Edition.  Fcp.  8vo.  with  Plates,  5s. 

The  FLY-FISHER'S  ENTOMOLOGY.  By  ALFRED  RONALDS.  With 
coloured  Representations  of  the  Natural  and  Artificial  Insect.  Sixth 
Edition :  with  20  coloured  Plates.  8vo.  14s. 

A  BOOK  on  ANGLING ;  a  complete  Treatise  on  the  Art  of  Angling 
in  every  branch.  By  FEANCIS  FEANCIS.  Second  Edition,  with  Portrait 
and  15  other  Plates,  plain  and  coloured.  Post  8 vo.- 15s. 

HANDBOOK  of  ANGLING  :  Teaching  Fly-fishing,  Trolling,  Bottom- 
fishing,  Salmon-fishing ;  with  the  Natural  History  of  River  Fish,  and  the 
best  modes  of  Catching  them.  By  EPHEMEEA.  Fcp.  Woodcuts,  5s. 

WILCOCKS'S  SEA-FISHERMAN;  comprising  the  Chief  Methods  of 
Hook  and  Line  Fishing  in  the  British  and  other  Seas,  a  Glance  at  Nets, 
and  Remarks  on  Boats  and  Boating.  Second  Edition,  enlarged ;  with  80 
Woodcuts.  Post  8vo.  12s.  6d. 

The  CRICKET  FIELD ;  or,  the  History  and  the  Science  of  the  Game 
of  Cricket.  By  JAMES  PYCEOFT,  B.A.  Fourth  Edition.  Fcp.  5s. 
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HORSE  and  MAN.     By  C.  S.  MARCH  PHILLIPPS,  Author  of  '  Juris- 

pr  udence/  &c.    Fcp.  8vo.  2s.  Gd. 
The  HORSE'S   FOOT,  and    HOW  to    KEEP   IT   SOUND.      By   W. 

MILES,  Esq.    Ninth  Edition,  with  Illustrations.    Imperial  8vo.  12s.  Gd. 
A  Plain  Treatise  on  Horse-Shoeing.      By  the  same  Author.     Sixth 
Edition.    Post  8vo.  with  Illustrations,  2s.  Gd. 

Stables  and  Stable-Fittings.  By  the  same.  Imp.  8vo.  with  13  Plates,  15*. 

Remarks  on  Horses'  Teeth,  addressed  to  Purchasers.  By  the  same. 
PostSvo.  Is.Gd. 

ROBBINS'S  CAVALRY  CATECHISM,  or  Instructions  on  Cavalry 
Exercise  and  Field  Movement  s,  Brigade  Movements,  Out-post  Duty,  Cavalry 
supporting  Artillery,  Artillery  attached  to  Cavalry.  12mo.  5s. 

ELAINE'S  VETERINARY  ART ;  a  Treatise  on  the  Anatomy,  Physi- 
ology, and  Curative  Treatment  of  the  Diseases  of  the  Horse,  Neat  Cattle 
and  Sheep.  Seventh'Editiori,  revised  and  enlarged  by  C.  STEEL,  M.R.C.V.SJL. 
8vo.  with  Plates  and  Woodcuts,  18s. 

The  HORSE:  with  a  Treatise  on  Draught.  By  WILLIAM  YOUATT. 
New  Edition,  revised  and  enlarged.  8vo.  with  numerous  Woodcuts,  12s.  Gd. 

The  Dog.    By  the  same  Author.     8vo.  with  numerous  Woodcuts,  6*. 

The  DOG  in  HEALTH  and  DISEASE.    By  STONEHENGE.    With  70 

Wood  Engravings.    Square  crown  8vo.  10s.  Gd. 
The  GREYHOUND.      By  STONEHENGE.      Kevised  Edition,  with  24 

Portraits  of  Greyhounds.    Square  crown  8vo.  10s.  Gd. 

The  OX ;  his  Diseases  and  their  Treatment:  with  an  Essay  on  Parturi- 
tion in  the  Cow.  By  J.  R.  DOBSON.  Crown  8vo.  with  Illustrations.  7s.  Gd. 


Commerce,  Navigation,  and  Mercantile  Affairs. 

BANKING,  CURRENCY,  and  the  EXCHANGES  ;  a  Practical  Trea- 
tise. By  ARTHUR  CRUMP.  Post  8vo.  6s. 

The  ELEMENTS  of  BANKING.   By  HENRY  DUNNING  MACLEOD,  M.A. 

Barrister-at-Law.    Post  8vo.  [Nearly  ready. 

The  THEORY  and  PRACTICE  of  BANKING.    By  the  same  Author. 

Second  Edition,  entirely  remodelled.    2  vols.  8vo.  80s. 
PRACTICAL    GUIDE   for   BRITISH    SHIPMASTERS    to   UNITED 

States  Ports.    By  PIERREPONT  EDWARDS.    Post  8vo.  8s.  Gd. 

A  DICTIONARY,  Practical,  Theoretical,  and  Historical,  of  Com- 
merce and  Commercial  Navigation.  By  J.  R.  M'CuLLOCH,  Esq.  New  and 
thoroughly  revised  Edition.  8vo.  price  63s.  cloth,  or  70s.  half-bd.  in  russia. 

The  LAW  of  NATIONS  Considered  as  Independent  Political  Com- 
munities. By  Sir  TRAVERS  Twiss,  D.C.L.  2  vols.  8vo.  80s.  or  separately, 
PART  I.  Peace,  12s.  PART  II.  War,  18s. 
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Works  of  Utility  and  General  Information. 

MODERN  COOKERY  for  PRIVATE  FAMILIES,  reduced  to  a  System 
of  Easy  Practice  in  a  Series  of  carefully-tested  Receipts.  By  ELIZA  ACTON. 
Newly  revised  and  enlarged  Edition;  with  8  Plates  of  Figures  and  150 
Woodcuts.  Fcp.  Qs. 

On  FOOD  and  its  DIGESTION ;  an  Introduction  to  Dietetics.  By 
W.  BBINTON,  M.D.  With  48  Woodcuts.  Post  8vo.  12s. 

WINE,  the  VINE,  and  the  CELLAR.  By  THOMAS  G.  SHAW. 
Second  Edition,  revised  and  enlarged,  with  32  Illustrations.  8vo.  16*. 

A  PRACTICAL  TREATISE  on  BREWING  ;  with  Formulae  for  Public 
Brewers,  and  Instructions  for  Private  Families.  By  W.  BLACK.  8vo.  10s.  6d. 

SHORT  WHIST.  By  MAJOR  A.  A  thoroughly  revised  Edition,  with  an 
Essay  on  the  Theory  of  the  Modern  Scientific  Game  by  PROF.  P.  Fcp.  3s.  Qd. 

WHIST,  WHAT  TO  LEAD.     By  CAM.     Fourth  Edition.     32mo.  Is. 

A   HANDBOOK    for    READERS   at  the  BRITISH    MUSEUM.     By 

THOMAS  NICHOLS.    Post  Svo.  6s. 

The  CABINET  LAWYER  ;  a  Popular  Digest  of  the  Laws  of  England, 
Civil,  Criminal,  and  Constitutional.  Twenty-fourth  Edition,  brought  down 
to  the  close  of  the  Parliamentary  Session  of  1868.  Fcp.  10s.  Qd. 

The  PHILOSOPHY  of  HEALTH  ;  or,  an  Exposition  of  the  Physio- 
logical and  Sanitary  Conditions  conducive  to  Human  Longevity  and 
Happiness.  By  SOUTHWOOD  SMITH,  M.D.  Eleventh  Edition,  revised  and 
enlarged  ;  with  113  Woodcuts.  Svo.  7s.  Qd. 

HINTS  to  MOTHERS  on  the  MANAGEMENT  of  their  HEALTH 
during  the  Period  of  Pregnancy  and  in  the  Lying-in  Room.  By  T.  BULL, 
M.D.  Fcp.  5s. 

The  Maternal  Management  of  Children  in  Health  and  Disease.    By 

the  same  Author.    Fcp.  5s. 

The  LAW  RELATING  to  BENEFIT  BUILDING  SOCIETIES;  with 
Practical  Observations  011  the  Act  and  all  the  Cases  decided  thereon ;  also  a 
Form  of  Rules  and  Forms  of  Mortgages.  By  W.  TIDD  PBAXT,  Barrister. 
Second  Edition.  Fcp.  3s.  6d. 

NOTES  on  HOSPITALS.  By  FLORENCE  NIGHTINGALE.  Third  Edi- 
tion, enlarged  ;  with  13  Plans.  Post  4to.  18s. 

COULTHART'S  DECIMAL  INTEREST  TABLES  at  24  Different  Kates 
not  exceeding  5  per  Cent.  Calculated  for  the  use  of  Hankers.  To  which  are 
added  Commission  Tables  at  One-Eighth  and  One-Fourth  per  Cent.  Svo. 
price  15s. 

MAUNDER' S    TREASURY    of    KNOWLEDGE    and    LIBRARY    of 

Reference :  comprising  an  English  Dictionary  and  Grammar,  Universal 
Gazetteer,  Classical  Dictionary,  Chronology,  Law  Dictionary,  a  Synopsis 
of  the  Peerage,  useful  Tables,  &c.  Revised  Edition.  Fcp.  10s.  6d. 


INDEX. 


ACTON'S  Modern  Cookery 

Afterglow  (The) 

ALCOCK'S  Residence  in  Japan   

ALLIES  on  Formation  of  Christendom 

Alpine  Guide  (The) 

APJOHN'S  Manual  of  the  Metalloids 

ARNOLD'S  Manual  of  English  Literature.... 

ARNOTT'S  Elements  of  Physics 

Arundines  Cami 

Autumn  holidays  of  a  Country  Parson    .. 
AYRE'S  Treasury  of  Bible  Knowledge 

BACON'S  Essays,  by  WHATELY 

Life  and  Letters,  by  bpEDDiNo 

Works,  edited  by  SPKDDINO 

BA;N"S  Mental  and  Moral  Science 

-on  the  Emotions  and  Will 

on  the  Senses  and  Intellect 


on  the  Study  of  Character  . 

BALL'S  Alpine  Guide 

BARNARD'S  Drawing  from  N  ature 

BAYLDON'S  Rents  and  Tillages 

Beaten  Tracks 

BECKER'S  Charicles  mitf  Gallus    

BENFEY'S  Sanskrit  Dictionary 

BLACK'S  Treatise  on  Brewing   

BLACKLEY'S  Word-Gossip  

BLACKI.EY  and  FRIEDLANDER  a  German  ana 

English  Dictionary    

ELAINE'S  Rural  Sports 

Veterinary  Art 

BOOTH'R  Epigrams 

BOURNE  on  Screw  Propeller 

BOURNE'S  Catechism  of  the  Steam  Engine.. 

Handbook  of  Steam  Engine 

Treatise  on  the  Steam  Engine... 

Examples  of  Modem  Engines    . . 

BOWDLER'S  Family  SHAKSPEARK 

BRANDB'S  Dictionary  of  Science,  Liter  ature, 

and  Art 

BRAY'S  (C.)  Education  of  the  Feelings 

. Philosophy  of  Necessity 

on  Force .... 

BRINTON  on  Food  and  Digestion 

BRODIE'S  (Sir  C.  B.)  Works 

BROWNE'S  Exposition  of  the  39  Articles 

BUCKLE'S  History  of  Civilization 

BULL'S  Hints  to  Mothers 

Maternal  Management  of  Children. 

BUNSEN'S  (Baron)  Ancient  Egypt 

God  in  History  

Memoirs    

BUNSEN  (E.DE)on  Apocrvpha 

's  Keys  of  St.  Peter 

BUR  KE'S  Vicissitude*  of  Families 

BURTON'S  Christian  Church  
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CALVERT'S  Wife's  Manual  .................. 

CAN  NON  's  Grant's  Campaign  ................ 

CARPENTER'S  Six  Months  in  India  .......... 

CATES'S  Biographical  Dictionary   .......... 

CATS'  and  FARLIE'S  Moral  Emblems  ........ 


Changed  Aspects  of  Unchanged  Truths.. 
CHESNEY'S  Euphrates  Ex 
IndianPolity 


--  Waterloo  Campaign   ............ 

CHILD'S  Physiological  Essays   .............. 

Chorale  Book  for  England    ................ 

Christian  Schools  and  Scholars  ............ 

Churchman's  Daily  Remembrancer  ........ 

CLOUOH'S  Lives  from  Plutarch  .............. 

COBBE'S  Norrnan  Kings  of  England  ......  .. 

COLE  N  so  (Bishop)  on  Pentateuch  and  BOOK 

of  Joshua  ................................. 

Commonplace  Philosopher  in  Town  and 

Country  ................................... 

CONINOTON'S  Chemical  Analysis  ............ 

---  -  Translation  of  VIROIL'S  jEneid 

CONTANSEAU'S  French-English  Dictionaries 
CONYBEARE  and  HOWSON'S  Work  on  St.  Paul 
Coos  on  the  Acts  ............................ 

COOK'S  Voyages   ............................ 

COPLAND'S  Dictionary  of  Practical  Medicine 
COULTHART'S  Decimal  Interest  Tables  ...... 

Counsel  and  Comfort  from  a  City  Pulpit  .  . 
Cox's  (G.  W.)  Manual  of  Mythology  ...... 

---  Tale  of  the  Great  Persian  War 
---  Tales  of  Ancient  Greece  ...... 

-  (H.)  Ancient  Parliamentary  Elections 
__  History  of  the  Reform  Bills  .... 

--  Whig  and  Tory  Administrations 
CRESY'S  Encyclopaedia  of  Civil  Engineering 
Critical  Essays  of  a  Country  Parson  ........ 

Caoss'sOld  Story  ........................... 

CROWE'S  History  of  France    ................ 

CRUMP  on  Banking,  Currency,  &  Exchanges 
CULLEY'S  Handbook  of  Telegraphy  ........ 

CUSACK.'S  History  of  Ireland  ................ 


DART'S  Iliad  of  Homer  ......................  26 

D'AumoNE's  History  of  the  Reformation  in 

the  time  of  CALVIN  ........................  2 

DAVIDSON'S  Introduction  to  New  Testament  19 

DAYMAN'S  Dante's  Divina  Commedia  ......  '26 

Dead  Shot  (The),  by  MARKSMAN    ..........  26 

DE  LA  RIVE'S  Treatise  on  Electricity  ......  11 

DE  MORGAN  on  M  atter  and  Spirit  ..........  9 

DE  TOCQUEVILLE'S  Democracy  in  America..  ! 

DOBSON  on  the  Ox  ..........................  25 

DOVE  on  Storms  ............................  11 

DvBR'sCity  ot  Rome  ......................  2 


EASTI.AKE'S  Hints  on  Household  Taste   ....    17 
History  of  Oil  Painting 15 
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EDGINTON'S  Odyssey 26 

EDWARUS'S  Shipmaster's  Guide  27 

Elementsof  Botany 13 

ELLICOTT'S  Commentary  on  Ephesians   ....  19 

Lectures  on  Life  ot  Christ 19 

— Commentary  on  Galatians 19 

Pastoral  Epist...  19 

Philippians,&c..  19 

Thessalonians ...  19 

Essays  and  Contributions  of  A.  K.  H.  B.  ..  8 

Essays  and  Reviews  21 

EWALD'S  History  of  Israel 19 


FAIRBAIRN  on  Iron  Shipbuilding  17 

FAIRBAIRN'S    Application    of    Cast     and 

Wrought  Iron  to  Building 17 

Information  for  Engineers...  17 

Treatise  on  Mills  &  Millwork  17 

18 


FARRAR'S  Chapters  on  Language  

FBLKIN  on  Hosiery  and  Lace  Manufactures 
FPOULKES'S  Christendom's  Divisions iO 


FITZOIBBON'S  Ireland 

FLIEDNER'S  (Pastor)  Life 

FORBRS'S  Earls  of  Granard   

FRANCIS'S  Fishing  Book 

FROUDE'S  History  of  England 

Short  Studies  on  Great  Subjects 


GANOT'S  Elementary  Physics  ll 

GILBERT  and  CHURCHILL'S  Dolomite  Moun- 
tains    23 

GILLY'S  Shipwrecks  of  the  Navy    23 

GOLDSMITH'S  foems.  Illustrated 25 

GOODEV  E'S  Elements  of  Mechanism 17 

gouLo's  Silver  Store 26 

RAHAM'S  Book  about  Words 7 

GRANT'S  Ethics  of  Aristotle « 

Graver  Thoughts  of  a  Country  Parson  ....  9 

GRAY'S  Anatomy 14 

GREENE'S  Coi als  and  Sea  Jel lies 12 

Sponges  an  d  Animalculae 12 

GREENHOW  on  Bronchiiis  14 

§  ROVE  on  Correlation  of  Physical  Forces..  12 

WILT'S  Encyclopaedia  of  Architecture  ....  16 


Handbook  of  Angling,  by  EPHEMERA 26 

HARE  on  Election  of  Representatives 7 

HARTWIG'S  Harmonies  of  Nature  13 

Polar  World 13 

Sea  and  its  Living  Winders. . . .  13 

Tropical  World  13 

HAUGHTON'S  Manual  of  Geology 12 

HAWKER'S  Instructions  to  Young  Sportsmen  26 
HENDERSON'S  Folk-Lore  of  the  Northern 

Counties 10 

HERSCHEL'S  Outlines  of  Astronomy 10 

HEWITT  on  Diseases  of  Women  14 

HODGSON'S  Time  and  Space 9 

HOLM  ES'S  System  of  Surgery 14 

— Surgical  Diseases  of  Infancy  ....  14 

HOOKER  and  WALKER-ARNOTT'S  British 

Flora 13 

HORNE'S  Introduction  to  the  Scriptures  ....  19 

-  Compendium  of  ditto 19 

HORSLEY'S  Manual  of  Poisons 15 

How  we  Spent  the  Summer  22 

HOWARD'S  Gymnastic  Exercises 15 

HOWITT'S  Australian  Discovery  22 

Northern  Heights  of  London 23 

, Rural  Life  of  England 23 

Visitsto  Remarkable  Places 23 

HUGHES'S  (W.)  Manual  of  Geography 11 

HULLAH'S  Collection  of  Sacred  Music 16 

— Lectures  on  Modern  Music 15 


HOLLAH'S  Transition  Musical  Lectures  ....    15 
HUMPHREYS'  Sentiments  of  Shakspeare  ....     16 


INGELOW'S  Poems 25 

StoryofDoom    25 
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